Product Index 


OPA27.. 
. 
2.8' 


OPA37 
2.8' 


OPA77 
2.74' 


OPA 111 
. 
2.23' 


OPAI21........ 
. 
2.26' 


OPA124 
2.29' 


OPA 128 
2.37* 


OPA 129 
2.46' 


OPA1301213014130 
2.53' 


OPA1311213114131 . 
. 
2.60' 


OPA 13212132/4132.................... 
2.67' 


OPAI77....... 
. 
2.74' 


OPA2341223414234.. 
. 
2.82' 


OPA2371223714237. 
2.84' 


OPA404..... 
..2.86' 


OPA445.... 
. 
3.2.29' 


OPA501 . 
.. 3.2.35' 


OPA502..... 
... 3.2.41' 


OPA512..... 
3.2.51' 


OPA541............ 
3.2.57' 


OPA544.............................. 
..... 3.2.65' 


OPA5471548 .... 
.. 3.2.73' 


OPA602. 
. 
2.89' 


OPA603 
2.92' 


OPA604 
. 
2.96' 


OPA606 
2.108' 


OPA620 
2.111' 


OPA621 
2.127' 


OPA622 
2.143' 


OPA623............................ 
. 
2.147' 


OPA627 
2.150' 


OPA628... 
. 
2.163' 


OPA633 
3.2.75' 


OPA637 
2.150' 


OPA640 
2.178' 


OPA641 
2.191' 


OPA642 
2.204' 


OPA643 
2.219' 


OPA644 .. 
. 
2.232' 


OPA646 
2.245' 


OPA648 . 
. 2.258' 


OPA650 
.. 2.269' 


OPA651 
2.280' 


OPA654.. 
. 
2.291' 


OPA655.... 
. 2.299' 


OPA658...... 
. 
2.313' 


OPA660 
. 
2.326' 


OPA671 .. 
. 
2.329' 


OPA675 
. 
2.332' 


OPA676 .. 
... 2.332* 


OPA678 
.2.336* 


OPA 1013 
2.340* 


OPA2107 
2.343* 


OPA2111 
... 2.346* 


OPA2541 
3.2.83* 


OPA2544.. 
. 
3.2.91* 


OPA2604 
2.349* 


OPA2650 
2.361* 


OPA2658 
2.373* 


OPA2662. 
. 
2.386* 


OPA4650 
2.391* 


OPA4658.... 
. 
2.403* 


OPT10l. 
. 
6.4* 


OPT202 
6.15* 


OPT209.. 
. 
6.24* 


OPT210. 
. 
6.28* 


OPT211 
6.36* 


OPT301 
6.45* 


PCM54 
8.2.40 
PCM55 
8.2.40 
PCM56 
8.2.43 
PCM61 
8.2.52 
PCM63 
8.2.56 
PCM67/69 
8.2.66 
PCM78 
8.1.4 
PCM1700 
8.2.78 
PCM1702 
8.2.83 
PCM171 0 
8.2.91 
PCM1712 
8.2.108 
PCM1715 
8.2.124 
PCM1717 
8.2.133 
PCM1718 
8.2.146 
PCMl721 
8.2.157 
PCM1750 
8.1.7 
PCM1760 
8.1.25 


PGA 102 
4.185* 


PGA 103 
4.189* 


PGA202 
4.196* 


PGA203 
4.196* 


PGA204 
4.206* 


PGA205 
4.206* 


PGA206 
4.220* 


PGA207 
4.220* 


PWS725 
5.255* 


PWS726 
5.255* 


PWS740 
5.257* 


PWS745. 
. 
5.260* 


PWS750 
5.263* 


RCV420 
4.230* 


REFOI. 
. 
8.4* 


REF02........ 
. 
8.10* 


REF102.. 
8.17* 


REF200.. 
. 
8.26* 


REF1004 
8.34* 


REGII17.. 
. 
8.41* 


REG5601 
8.48* 


REG5608 
8.51* 


SDM506 
2.438 


SDM507 
2.438 


SDM516 
2.441 


SDM517 
2.441 


SDM862 
2.444 


SDM863 
2.444 


SDM872 
2.444 


SDM873 
2.444 


SHC76 
6.4 


SHC298 
6.9 


SHC605 
6.17 


SHC615 
6.32 


SHC702 
2.54 


SHC803 
6.51 


SHC804 
6.51 


SHC5320 
6.55 


UAF42.. 
. 7.55* 


VCA610 
2.417* 


VFC32 
7.4 


VFC100 
7.7 


VFCll0 
7.10 


VFC121 
7.13 


VFC320 
7.15 


XTR10l .. . 
. 
4.240* 


XTRI03.. 
. 
4.255* 


XTRI 04 
4.265* 


XTRll0 
4.276* 


XTR501... 
. 
4.285* 


0804MC .. 
. 
3.2.100* 


lOOMS 
5.266* 


722.......... 
. 
5.268* 


724 
5.273* 


3583 
..3.2.101* 


3584... 
. 
3.2.106* 


3650 
5.278* 


3652 
5.278* 


3656 
.. 5.290* 


4127 
7.61* 


For information 
on any of these products 
or to receive the Burr-Brown 
Linear 
Products Ie Data Book, call our 
automated 
literature 
request 
line at 1-520-741-3884, 
or contact 
your local sales representative. 


How to Use This Book 


If you know the 
MODEL 
NUMBER, 


If you know the 
PRODUCT 
TYPE, 


If you want 
NEW MODELS, 


If you want TAPE 
& REEL, 


Use the Model Index on the 
INSIDE 
FRONT 
COVER. 


Use the TABBED 
TABLE 
OF CONTENTS, 
or use the SELECTION 
GUIDE 
TABLES 
at 
the front of each tabbed section. 


Use the Model Index on the INSIDE 
FRONT 
COVER 
or the SELECTION 
GUIDE 
TABLES 
at the front of each tabbed section. All 
new models contained in this edition are shown 
in boldface. 
Also, contact your local Burr- 
Brown representative for information on new 
models released since publication of this data 
book. 


Contact your local Burr-Brown office or sales 
representative. See the sales office listing at the 
back of the book. 


See TAPE & REEL INFORMATION, 
Appendix B, or contact your local Burr-Brown 
representati ve. 
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1Burr-Brown Corporation 


About Burr-Brown 
•• 
zo 


~ 
products reach over 25,000 OEM customers world- 
a:: 
wide. Sales aredivided evenly throughout the world, 0 
with approximately one-third from the United States a. 
market, one-third from Europe, and the remainder 
a:: 
from Japan and the South East Asian region. 
8 


Burr-Brown employs over 1,900people worldwide 
Z 
with manufacturing and technical facilities in Tuc- 3: 
son, Arizona; Atsugi, Japan; and Livingston, Scot- 0 
land. Located in Tucson, Arizona, corporate head- 
a:: 
quarters also includes an integrated circuit wafer 
m 
I 
fab, assembly and test operations. Burr-Brown was 
a:: 
incorporated in Arizona in 1956; stock is traded on 
a:: 
NASDAQ under the symbol, BBRC. 
:;:) 
m 


Corporate Profile 


Burr-Brown Corporation designs, manufactures, 
and markets a broad line of high-performance, 
standard analog and mixed signal integrated cir- 
cuits used in the processing of electronic signals. 
Our products are used in a wide range of markets 
and applications, including industrial and process 
control, test and measurement, medical and scien- 
tific instrumentation, medical imaging, digital au- 
dio and video, telecommunications, personal com- 
puters, and multimedia. 


Our product strategy is to design proprietary cir- 
cuits that yield maximum functional value in our 
customers' 
applications. Many of the products, 
although produced in standard configurations, are 
strategically designed, specified, and tested to posi- 
tion them for targeted applications such as audio 
signal processing or sensor-specific signal condi- 
tioning. 


Burr-Brown 's products include: operational ampli- 
fiers, instrumentation 
amplifiers, programmable 
gain amplifiers, isolation amplifiers, DC/DC con- 
verters, voltage references and regulators, voltage- 
to-frequency converters, optoelectronic amplifiers, 
analog-to-digital converters, digital-to-analog con- 
verters, and "application specific" standard prod- 
ucts. Our products are manufactured using a variety 
of wafer fabrication processes that include bipolar, 
complementary bipolar, BiCMOS and CMOS with 
lithography requirements down to the 0.6 micron 
level. 


We sell our products worldwide through our direct 
sales force, independent sales representatives, and 
third-party distributors. Burr-Brown has six direct 
sales offices in the United States and international 
sales subsidiaries in France, Germany, Italy, Japan, 
the Netherlands, Switzerland, and the United King- 
dom. Through direct sales and distributors, our 


Burr-Brown Receives 
IS09001 Certification in U.S. and Europe 


In September 1993, Burr-Brown Corporation re- 
ceived IS09001 certification in the United States 
and Europe, simultaneously. In the United States, 
registration is recognized through the TUV Product 
Service Quality Registrar by the Registration Ac- 
creditation Board (RAB). Certification is accepted 
through the Electronics Industries Quality Regis- 
trar by the Dutch Registration Board (RCV) in 
Europe. 


IS09001 is the international standard for assessing 
the quality systems of companies that design, manu- 
facture, and test products. Adopted by 91 member 
countries, it's the international quality standard for 
manufacturing, trade, and communications indus- 
tries. Certification indicates that a formal quality 
system exists for all processes and that these pro- 
cesses are audited on a timely basis. 
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Applications 
Library 


Applications Bulletins and Design Software 


APPLICATIONS 
LIBRARY 


The following 
applications 
information 
is available 
from 
Burr- 
Brown 
at no charge. 


Call 1-800-548-6132 
to order. 


APPLICATIONS 
BULLETINS 


Increasing 
INA117 
Differential 
Input Range 
AB-001 


Make a Precision 
Current 
Source 
or Current 
Sink 
AB-002 


Voltage-Reference 
Filters 
AB-003 


Make a Precision 
-10V 
Reference 
AB-004 


Make a Precision 
±10V 
Reference 
AB-005 


Make a -1 OV to +1OV Adjustable 
Precision 


Voltage 
Source 
AB-006 


Classical 
Op Amp or Current-Feedback 
Op Amp? This 


Composite 
Op Amp Gives you the Best 


of Both Worlds 
AB-007 


AC Coupling 
Instrumentation 
and Difference 
Amplifiers 
AB-008 


Single-Supply 
Operation 
of Isolation 
Amplifiers 
AB-009 


±200V 
Difference 
Amplifier 
with Common-mode 


Voltage 
Monitor 
AB-010 


Low Power 
Supply 
Voltage 
Operation 
of 


REF102 
10V Precision 
Voltage 
Reference 
AB-011 


Boost 
IS0120 
Bandwidth 
to More Than 
100kHz 
AB-012 


Increasing 
ADC603 
Input Range 
AB-013 


Input Overload 
Protection 
for the RCV420 


4-20mA 
Current-loop 
Receiver 
AB-014 


Extending 
the Common-mode 
Range 
of 
Difference 
Amplifiers 
AB-015 


Boost Amplifier 
Output 
Swing With Simple 


Modification 
AB-016 


0-20mA 
Receiver 
Using the RCV420 
AB-018 


Using the ADS7800 
12-Bit ADC with Unipolar 
Input Signals 
AB-019 


Operational 
Amplifier 
and Instrumentation 


Amplifier 
Macromodels 
AB-020 


Synchronization 
of IS0120/lS0121 
Isolation Amplifiers 
AB-021 


Fast Settling 
Low-Pass 
Filter 
AB-022 


Simple 
Output 
Filter Eliminates 
ISO Amp 


Output 
Ripple 
and Keeps 
Full Bandwidth 
AB-023 


Analog 
Isolation 
with Power 
AB-024 


Boost 
Instrumentation 
Amp CMR with Common-Mode 


Driven Supplies 
AB-025 


A Low Noise, 
Low Distortion 
Design 
for 
Anti-Aliasing 
and Anti-Imaging 
Filters 
AB-026 


High Speed 
Data Conversion 
AB-027 


Feedback 
Plots Define Op Amp AC Performance 
AB-028 


Input Filtering 
the INA 117 ±200V 
Difference 


Amplifier 
AB-029 


Thermal 
and Electrical 
Properties 
of Selected 
Packaging 
Materials 
AB-030 


4-20mA 
to 0-20mA 
Converter 
and Current Summing 
.... AB-031 


IC Building 
Blocks 
Form Complete 
Isolated 
4-20mA 
Current-Loop 
Systems 
AB-032 


Single-Supply, 
Low-Power 
Measurements 
of Bridge 
Networks 
AB-033 


MFB Low-Pass 
Filter Design 
Program 
AB-034 


Filter Design 
Program 
for the UAF42 
Universal 
Active 
Filter 
AB-035 


Diode-Based 
Temperature 
Measurement 
AB-036 


Mounting 
Consideration 
for TO-3 
Package 
AB-037 


Heat Sinking- 
TO-3 Thermal 
Model 
AB-038 


Power Amplifier 
Stress 
and Power 
Handling 
Limitations 
AB-039 


Frequency-to-Voltage 
Conversion 
AB-040 


Single 
Supply 
4-20mA 
Current 
Loop Receiver 
AB-041 


Programmable-Gain 
Instrumentation 
Amplifiers 
AB-042 


Use Low-Impedance 
Bridges 
on 4-20mA 
Current 
Loops 
AB-043 


Improved 
Device 
Noise 
Performance 
for the 
3650 
Isolation 
Amplifier 
AB-044 


Op Amp Performance 
Analysis 
AB-045 


Operational 
Amplifier 
Macromodels: 
A Comparison 
AB-046 


Noise Sources 
in Applications 
Using Capacitive 
Coupled 
Isolated 
Amplifiers 
AB-047 


The ACF2101 
Used as a Bipolar Switched 
Integrator 
.. AB-048 


The MPC1 00 Analog 
Multiplexer 
Improves 
RF 
Signal 
Distribution 
AB-049 


Compensate 
Transimpedance 
Amplifiers 
Intuitively 
AB-050 


Double the Output 
Current 
to a Load with the 
Dual OPA2604 
Audio 
Op Amp 
AB-051 


OPA660 
Drives 
Magnetic 
Recording 
Head 
AB-052 


Improved 
Noise 
Performance 
of the ACF21 01 
Switched 
Integrator 
AB-053 


Clamping 
Amplifiers 
Track 
Power 
Supplies 
AB-054 


Precision 
IA Swings 
Rail-to-Rail 
on Single 5V Supply 
AB-056 


Comparison 
of Noise 
Performance 
Between 
a FET Transimpedance 
Amplifier 
and a Switched 
Integrator 
AB-057 


Simple 
Filter Turns 
Square 
Waves 
into Sine Waves 
.. AB-058 


MTIF, 
Failrate, 
Reliability 
and Life Testing 
AB-059 


Careful 
Layout Tames Sample-Hold 
Pedestal 
Errors 
AB-060 


OPT201 
Photodiode-Amplifier 
Rejects 
Ambient 
Light 
AB-061 


Digitally 
Programmable, 
Time-Continuous 
Active 
Filter 
AB-062 


Voltage-to-Frequency 
Converters 
Offer Useful 
Options 
in ND 
Conversion 
AB-066 


Dynamic 
Tests for ND 
Converter 
Performance 
AB-072 


Photodiode 
Monitoring 
with Op Amps 
AB-075 
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Applications 
Bulletins and Design Software 


Design 
and Application 
of Transformer-Coupled 
Hybrid 


Isolation 
Amplifier 
Model 3656 
AB-078 


The Key to Understanding 
Sources 
of Error in the 


IS0100 
Isolation 
Amplifier 
AB-079 


Hybrid Isolation Amps Zap Prices and Voltage Barriers .. AS-080 


DC-to-DC 
Converters 
AB-081 


Principles 
of Data Acquisition 
and Conversion 
AB-082 


10MHz Analog 
Multiplier 
Carries 
Output 
Amp Breaks 
Bandwidth 
Barrier 
AB-083 


Analog-to-Digital 
Converter 
Gounding 
Practices 
Effect System 
Performance 
AB-084 


Simple 
Circuit 
Delivers 
38Vp-p 
at 5A from 28V 
Unipolar 
Supply 
AB-085 


Switch 
Gains Accurately 
with the INA120 
AB-086 


Level Shifting 
Signals 
with Differential 
Amplifiers 
AB-087 


Improved 
Voltage 
Filter has Several 
Advantages 
AB-088 


A Clarification 
of Use High-Speed 
S/H to Improve 
Sampling 
ADC Performance 
AB-089 


Feedback 
Circuit 
Clamps 
Precisely 
AB-090 


Voltage-Feedback 
Amps vs Current-Feedback 
Amps: 


Bandwidth 
& Distortion 
Considerations 
AB-091 


SWOP 
Amplifiers 
Simplify 
RF Signal 
Processing 
AB-092 


Isolation 
Amps 
Hike Accuracy 
and Reliability 
AB-093 


Tame 
Photodiodes 
with Operational 
Amplifier 
Bootstrap 
AB-094 


Tips for Using the ADS78xx 
Family 
of ND 
Converters 
AB-095 


Build A Three 
Phase 
Sine Wave 
Generator 
With 
the UAF42 
AB-096 


DDC101 
Evaluation 
Fixture 
PC Interface 
Board 
AB-097 


Selecting 
an ND 
Converter 
AB-098 


An Easy Solution 
to Current 
Limiting 
an Op Amp 
AB-099 


Multiplexer 
Data Acquisition 
System 
AB-100 


Combining 
and Amplifier 
with the BUF634 
AB-101 


Output 
Spectrum 
and Post-LPF 
Design 
of the 
PCM1710 
AB-102 


VOltage-to-Frequency 
Converters 
Offer Useful 
Options 
In ND 
Conversion 
AB-130 


An Error Analysis 
of the IS0102 
in Small Signal 
Measuring 
AB-161 


DC/DC 
Converter 
Noise 
Reduction 
AB-16_ 


Partial 
Discharge 
Testing 
AB-163 


Implementation 
and Applications 
of Current 
Sources 
and Current 
Receivers 
AB-165 


Coding 
Schemes 
Used with Data Converters 
AB-175 


Exchanging 
Files on the Customer 
Service 


Electronic 
Bulletin 
Board 
AB-176 


CDAC 
Architecture 
Plus Resistor 
Divider 
Gives 


ADC574 
Pinout with Sampling, 
Low-Power, 
New 
Input Ranges 
AB-178 


Video Operational 
Amplifiers 
AB-179 


Ultra High-Speed 
ICs 
AB-180 


Diamond 
Transistor 
OPA660 
AB-181 


New Ultra High-Speed 
Circuit 
Techniques 
with Analog 
ICs 
AB-183 


Driving 
Video Output 
Stages 
with Monolithic 
Integrated 
Amps 
AB-184 


Automatic 
Gain Control 
(AGC) 
Using the Diamond 
Transistor 
OPA660 
AB-185 


Current 
or Voltage 
Feedback: 
The Choice 
Is Yours 


with the New, Flexible, 
Wide-Band 
Operational 
Amplifier 
OPA622 
AB-186 


External 
Open-Loop 
Gain Adjustment: 
Check 
It Out 
with the Demo 
Boards for the OPA623 
and OPA622 
. AB-187 


Building 
a 400MHz 
Wide-Band 
Differential 
Amp: 
It's 


a Breeze 
with the Diamond 
Transistor 
OPA660 
AB-188 


Macromodels 
for RF Operational 
Amplifiers 
are a 
Powerful 
Design 
Tool 
AB-189 


Designing 
Active 
Filters With The Diamond 
Transistor 


OPA660 
AB-190 


There's 
a World of Line Drivers to Choose 
From 
AB-191 


Fiber Optic Transmission 
AB-192 


The Current-Feedback 
Operational 
Amplifier: 
A High 
Speed 
Building 
Block 
AB-193 


Intermodulation 
Distortion 
(IMD) 
AB-194 


DESIGN 
SOFTWARE 


FilterPro 
Disk 
AB/E-034, 
035 


Spice 
Disk 
AB/E-020 
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Sales and Service 


ABOUT THIS BOOK 
To keep with the easy-to-use format we estab- 
lished last year, the Burr-Brown Integrated Cir- 
cuits Data Books for 1996/97 will be similar to the 
1995 books. Both the Linear Products and Mixed 
Signal Products books are available free from 
your local salesperson or representative-see 
Sales 
Office Listings at back of book-or 
by calling 
our literature request line at 1-800-548-6132 (US 
or Canada). Order both, or just the one that fits 
your needs. 


How to Use This Book 
Burr-Brown product numbers are listed in the 
Selection Trees and Tables at the beginning of 
each tabbed section. With these tools you can 
quickly compare specs among different products 
and choose the best part for your design. Products 
appearing in boldface type are new products in- 
troduced by Burr-Brown since publication of the 
1995 data books. 
Data sheets are arranged alphanumeric ally by 
product type, so if you know the name of the part 
you can find it quickly. Or, use the Product Index 
on the inside front cover, or page numbers as 
listed in the Selection Guide trees and tables. 


CUSTOMER 
SERVICE 
Burr-Brown is committed to providing the best 
customer service in the industry-whether 
it be a 
need for additional technical literature, technical 
assistance, to place an order, or to return products. 
For immediate assistance with any problem or 
inquiry, contact your local Burr-Brown salesper- 
son or representative. See Sales Office Listings at 
back of book. 
Direct factory assistance is available by calling 
the following number: 1-800-548-6132 
(US or 
Canada; 7:00am to 5:00pm MST). 


Technical Literature or 
Applications Assistance 
In addition to individual data sheets, Burr-Brown 
also provides 
its customers 
with applications 


bulletins, promotional 
samples, comprehensive 


brochures 
featuring 
many product 
types, and 
applications assistance by calling 1-800-548-6132 
(US or Canada). 


Internet 
Burr-Brown information is now available on the 
Internet via the World Wide Web. Customers 
with Internet access can visit our home page at 
http://www.burr-brown.comlto 
obtain on-line 
data sheets and corporate information any time of 
the day, any day of the year. 


FAX Line 
Burr-Brown's FAXLine 
is available for custom- 
ers to request product literature. Call 1-800-548- 
6133 (USNCanada 
Only) to receive a Document 
Catalog, complete with FAXLine 
literature order 
numbers. Up to three pieces of literature may be 
requested per call. 


Prices and Quotations 
Price quotations 
made by Burr-Brown 
or its 


authorized field sales representatives are valid for 
30 days. Delivery quotations are subject to recon- 
firmation at the time of order placement. Please 
call your local sales representative or distributor 
(see list at the back of this book). 


Placing Orders 
You can place orders via telephone, FAX, or mail 
with 
any authorized 
Burr-Brown 
field 
sales 


office, sales representative, or authorized distribu- 
tors. See Sales Office Listings at back of book for 
the office nearest you. 
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Sales and Service 


Returns and Warranty Service 


When returning products for any reason, contact 
Burr-Brown prior to shipping for authorization 
and shipping instructions. For complete instruc- 
tions, contact your local salesperson or represen- 
tative. Customers outside the USA should call the 
nearest sales office for details and information- 
see International Sales Office Listing at back of 
book. 
To return product, please call for your Return 
Material Authorization (RMA) number. Ship units 
prepaid and supply the original purchase order 
number and date, along with an explanation for 
the return. Upon receipt of the returned devices, 
Burr-Brown will verify and inform you of the 
warranty status, cost to repair or replace, credits, 
and status of replacements where applicable. 


•• 
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Burr-Brown Ie Data Book-Mixed 
Signal Products 


Z AID Converters, Data 
Acquisition Components 


Burr-Brown's 
Analog-to-Digital (AID) converter 
product line offers a broad selection of resolu- 
tions, 12-, 14-, and 16-bit for industrial applica- 
tions, and 16-, 18-, and 20-bit designed especially 
for audio applications. 


A new line of SpeedPLUS™ 10- and 12-bit resolu- 
tion, 1O-40MHzsampling rate AID converters was 
recently introduced. The ADS800 family of con- 
verters is fabricated on O.6lffil CMOS process, 
utilizing 
a leading-edge 
pipeline 
architecture. 
ADS800 converters are complete with a quantizer, 
wideband track/hold, internal reference, and three- 
state outputs. 


ADS7819 is a 12-bit monolithic, 800kHz sam- 
pling AID complete with an internal sample/hold, 
clock and internal 2.5V reference. It uses state-of- 
the-art CMOS structures, contains a parallel mi- 
croprocessor interface, and has three-state output 
drivers. 


ADS7831 is a 12-bit monolithic, 600kHz sam- 
pling AID complete with an internal sample/hold, 
clock and internal 2.5V reference. Its high spectral 
performance make it especially suitable for appli- 
cations such as HDSL, modems, and wireless 
communication systems. 


ADS7833 is a complete 10 channel data acquisi- 
tion system-its 
three AIDs operate SimUltaneOUSl_ 
at a 150kHz per converter sample rate with up t 
five channels of simultaneous sample and hold 
channels-it 
also contains digitally programmable 
en 
input ranges and an 8-bit voltage output. 
~ 


ADS7820 is a new, complete 0-5V analog input 
W 
12-bit 100kHz sampling AID converter. Part of a 
~ 
new generation of Burr-Brown sampling AID con- a. 
verters, it offers faster sampling rates, multiple 
:!!: 
channels, lower power, and more analog input 0 
ranges. 
() 
Zo 
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() 
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ADS1210 and ADS1211 are precision, wide dy- 
namic range, delta-sigma AID converters with 24- 
bit resolution operating from a single +5V supply. 
Dynamic range is increased by the inclusion of a 
low-noise programmable gain amplifier with gain 
range of 1 to 16 in binary steps. Both converters 
include a flexible synchronous 
serial interface 
which is SPI compatible, and offers a two-wire 
control mode for low cost isolation. 


The DDCI0l 
is a 20-bit, 15kHz integrating AID 
converter with digital error correction and direct 
photosensor interface. 


BURR-BROWN. 
I~~ I 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


~ 
Analog-to-Digital 
Converters 


ADS121D 
(14 BlIs,lU) 


ADS1211 
(14 Blls, 
IU, 
4'ch 
MUX) 


12·BI1 


ADS7806 
(40kHz) 


AOS7112 
(40kHz) 


ADS574 
(40kHz) 


AOS7824 
(40kHz, 
4-ch MUX) 


16-BIT 


ADS7007 
(40kHz) 


AOS7813 
(40kHz) 


12·BIT 


ADC80 
(40kHz) 


ADC574A 
(40kHz) 


16-BIT 


ADC71 
(20kHz) 


12-BIT 


ADS774 
(117kHz) 


ADC7802 
(117kHz, 4-ch MUX) 


ADS7803 
(117kHz, 4-ch MUX) 


AOS7B32 
(117kHz, 
4-ch MUX) 


ADS7833 
(100kHz, 
10 chI 


ADS7804 
(100kHz) 


ADS7808 
(100kHz) 


AOS7B20 
(100kHz) 


16-BIT 


ADS7805 
(100kHz) 


ADS7809 
(100kHz) 


AOS7B21 
(100kHz) 


12-BIT 


ADS774 
(117kHz) 


ADC84 
(100kHz) 


ADC85 
(100kHz) 


ADC87 
(100kHz) 


ADC674A 
(66kHz) 


12-BIT 


ADSBDD (4DMHz) 


ADS8Dl 
(25M Hz) 


ADSBD2 (lDMHz) 


ADC603 
(10MHz) 


SOM506 
(16-8/1) 


SOM507 
(16-8i/) 


SOM516 
(16-8/1) 


SOM517 
(16-8i/) 


SDM862 
(12-8il) 


SDM863 
(12-8il) 


SDM872 
(12-Bil) 


SDM873 
(12-Bil) 


16-BIT 


ADC76 
(59kHz) 


ADC700 
(59kHz) 


AFEll03E 
(Brook/raalMa/alink) 


AFEll04E 
(PairGain) 


12-BIT 


ADS7810 
(800kHz) 


ADS7819 
(800kHz) 


ADS7831 
(600kHz) 


ADS7800 
(333kHz) 


16·BIT 


ADC701 
(512kHz) 


16-BIT 


AOS7Bl1 
(263kHz) 


18-BIT 


DSP101 
(200kHz) 


DSP102 
(200kHz, 
Dual) 


4-ch MUX IN 


ADS1211 
(24-811, IU) 


ADS7802 
(12-811,117kHz) 


ADS7803 
(12-8il, 
117kHz) 


AOS7B32 
(12-8/1, 117kHz) 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLO, ITALIC DENOTES PRODUCT 
IN DEVELOPMENT 


~. 


Linearity 
Input 
GENERAL 
m~ 
Resolu- 
Error 
Range 
Sampling 
Serial 
tlon 
max 
(see table, pg 2.5) 
Rate 
THO 
Temp 
or 
m ~product 
(Bits) 
(%FSR) 
(V) 
(kHz) 
NMC 
(dB, max) 
Rangel') 
Pkg(2) 
Parallel 
Description 


~ADC71 
16 
±0.003 
D,E,F,N,R,S 
20 
14 
- 
Ind, Com 
TDIP 
S,P 
Industry Std Pinouts 


8ADC76 
16 
±0.003 
D,E,N, 
R,S 
60 
14 
- 
Ind, Com 
TDIP 
S,P 
Industry Std Pinouts 
t:l:l 
ADC80AG 
12 
±0.012 
D,E,N,R,S 
40 
12 
- 
Ind 
TDIP 
S,P 
Industry Std Pinout and Interface Medium Speed Monolithic 
;: 
ADC80MAH 
12 
±0.012 
D,E,N,R,S 
40 
12 
- 
Ind 
TDIP 
S,P 
Industry Std Pinout and Interface Medium Speed Monolithic 
...• 
';' 
ADC84KG 
12 
±0.012 
D,E,N,R,S 
100 
12 
- 
Ind 
TDIP 
S,P 
Medium Speed 
t:l:l 
ADC85H 
12 
±0.012 
D,E,N,R,S 
100 
12 
- 
Com 
TDIP 
S,P 
Medium Speed 
(3~ 
ADC87H 
12 
±0.012 
D,E,N,R,S 
100 
12 
- 
Mil 
TDIP 
S,P 
Mil Temperature Range 
;:s 
ADC574A 
12 
±0.012 
E,F,R,S 
40 
12 
- 
Mil, Ind, Com 
DDIP 
P 
Industry Std Pinout and Interface Medium Speed Monolithic 
•...• 
ADC603 
12 
±0.018 
L 
10MHz 
NS 
-68" 
Com, Ind, Mil 
QDIP 
P 
High Speed Medium Resolution 
Q 
(j 
~...• 
tl 
ADC674A 
12 
±0.012 
E,F,R,S 
66 
12 
- 
Mil, Ind, Com 
DDIP 
P 
Industry Std Pinout and Interface Medium Speed Monolithic 
~ 
l:l 
ADC700 
16 
±0.003 
D,E,F,N,R,S 
59 
14 
- 
Mil, Ind, Com 
TDIP 
S,P 
Data-Bus Interface 
~ 
ADC701 
16 
±0.003 
D, E, G, R, S 
512kHz 
NS 
-94w/SHC702' 
Com 
TDIP 
P 
High Accuracy, High Resolution 
::::: 


t:l:l 
ADC774 
12 
±0.012 
E, F,R,S 
117 
12 
- 
Mil, Ind, Com 
DDIP 
P 
Industry Std Pinout and Interface Medium Speed Monolithic 
f? 
C 
ADC803 
12 
±0.012 
G,R,S 
1MHz 
NS 
NA 
Ind, Mil 
HMD 
P 
High Speed Medium Resolution 
C 
S 
~ 
ADC7802 
12 
±0.012 
D 
117 
12 
- 
Ext 
DDIP, PLCC 
P 
High-Accuracy, 4-Channel MUX, Auto-Calibration, Sampling 
== 
~ 
ADS574 
12 
±0.012 
E,F,R,S 
40kHz 
12 
- 
Com,MiI 
DIP, DDIP, SO 
P 
Sampling 574 Type 
CD...• 


>;. 
ADS774 
12 
±0.012 
E,F,R,S 
117 
12 
- 
Com,MiI 
DIP, DDIP, SO 
P 
Sampling 774 Type 
~ 
~ 
ADS800 
12 
:iO.024 
Z 
40MHz 
12 
Com 
SOIC 
P 
Sampling, Internal Reference 
~. 
ADS801 
12 
-+1).024 
Z 
25MHz 
12 
Com 
SOIC 
P 
Sampling, internal 
Reference 
Vl 
CD 


OQ' 
ADS802 
12 
:iO.024 
Z 
10MHz 
12 
Com 
SOIC 
P 
Sampling, Internal Reference 
~ 
;:s 
ADS820 
10 
:iO.097 
Z 
20MHz 
10 
Com 
SOIC 
P 
Sampling, Internal Reference, Low Power 
- 
l:l 
...•. 
"- 
ADS821 
10 
:iO.097 
Z 
40MHz 
10 
Com 
SOIC 
P 
Sampling, Internal Reference 
~ 


'"tl 
ADS1210 
24 
:iO.OO3 
D,S 
Program- 
24 
- 
Xlnd 
SOIC, PDIP 
S 
Low Power, Single-Channel, 
~, 
Differential 
In 
(3 
mabie 
l:l.. 
~ 
;: 
ADS1211 
24 
:iO.OO3 
D,S 
Program- 
24 
- 
Xlnd 
SOIC, PDIP 
S 
Low Power, 4-Channel MUX, ~, 
Differential 
In 
l') 
mabie 
~ 
!:6 
ADS7800 
12 
R,S 
Q) 
±0.012 
333kHz 
12 
- 
Com,lnd 
DIP, SOIC 
P 
Sampling, Interface 
...•. 


ADS7803 
12 
±0.018 
D 
117 
12 
- 
Ext 
DDIP, PLCC 
P 
High-Accuracy, 4-Channel MUX, Auto-Calibration, Sampling 
~ 
ADS7804 
12 
±0.012 
S 
100 
12 
- 
Ext 
PDIP, SOIC 
P 
Full Parallel, Pin Compatible to ADS7805 
c:: 
ADS7805 
16 
±0.0023 
S 
100 
16 
-96 
Ext 
PDIP, SOIC 
P 
Full Parallel, Pin Compatible to ADS7804 
~ 
ADS7806 
12 
±0.012 
C,D,S 
40 
12 
-60 
Ext 
PDIP, SOIC 
S, P 
8-Bit Bytes or Serial, Pin Compatible to ADS7807 
~ 
ADS7807 
16 
±0.0023 
C,D,S 
40 
16 
-96 
Ext 
PDIP, SOIC 
S,P 
8-Bit Bytes or Serial, Pin Compatible to ADS7806 


ADS7808 
12 
±0.012 
C,D,E,P,R,S 
100 
12 
-80 
Ext 
PDIP, SOIC 
S 
Pin Compatible to ADS7809 
~...-. 


ADS7809 
16 
±0.0023 
C,D,E,P,R,S 
100 
16 
-96 
Ext 
PDIP, SOIC 
S 
Pin Compatible to ADS7808 
ADS7810 
12 
0.018 
S 
800 
12 
-77 
Ext 
PDIP, SOIC 
P 
ADS7811 
16 
±0.0015 
N 
263 
16 
-96 
Xlnd 
PDIP, SOIC 
P 
Sampling, w/lnternal Reference 


, DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


!'V 
Some specifications 
have been estimated for comparison 
u" 
purposes. Refer to data sheets for guaranteed 
specifications. 


AID CONVERTERS, 
DATA ACQUISITION 
COMPONENTS I 


Linearity 
Input 
GENERAL ( 
Resolu- 
Error 
Range 
Sampling 
Serial 
tion 
max 
(see 
table, 
pg 2.5) 
Rate 
THO 
Temp 
or 
Product 
(Bits) 
("IoFSR) 
(V) 
(kHz) 
NMC 
(dB, 
max) 
Range(1) 
Pkg(2) 
Parallel 
Description 


AOS7812 
12 
:to.012 
5, AA, R, E, M, P, BB 
40 
12 
-80 
Xlnd 
POIP, SO 
S 
Sampling pin compatible 
with AOS7813 


AOS7813 
16 
:to.0023 
S,AA,R,E,M,P,BB 
40 
16 
-96 
Xlnd 
POIP, SO 
S 
Sampling pin compatible 
with AOS7812 


AOS7814 
14 
:to.018 
N 
300 
14 
-90 
Xlnd 
POIP,SO 
P 
Sampling, 
with output latches 


ADS7819 
12 
0.018 
N 
800 
12 
-77 
Ext 
PDIP, 
SOIC 
P 


ADS7820 
12 
±0.01 
D 
100 
12 
-80 
Xlnd 
PDIP, 
SOIC 
P 
Sampling, 
pin compatible 
with 
ADS7821 


ADS7821 
16 
±0.006 
D 
100 
16 
-90 
Ind 
PDIP, 
SOIC 
P 
Sampling. 
pin compatible 
with 
ADS7820 


ADS7824 
12 
±0.01 
S 
40 
12 
-80 
Xlnd 
PDIP, 
SOIC 
S,P 
Sampling, 
4-ch 
mux input 


ADS7825 
16 
±0.002 
S 
40 
16 
-90 
Xlnd 
PDIP, 
SOIC 
S,P 
Sampling, 
4-ch 
mux input 


ADS7831 
12 
0024 
N 
600 
12 
-77 
Ext 
PDIP, 
SOIC 
P 
Low Cost 
AOS7832 
12 
:to.049 
B 
117 
12 
-75' 
Xlnd 
POIP, PLCC 
P 
Sampling, 8-bit bytes out 


ADS7833 
12 
0.05 
I, L, M, N 
100 
12 
Ext 
PLCC 
S 
3-channel, 
simultaneous 
sampling 


DDC101 
20 
±2.5ppm(3) 
Current 
15 
18 
Ind 
DDIP, 
SOIC 
S 
High Accuracy 


DSP101 
18 
0.003 
a 
200 
-90 
Com 
DDIP 
S 
DSP 
Compatible, 
Single 
Channel 


DSP102 
18 
0.003 
a 
200 
-90 
Com 
DDIP 
S 
DSP 
Compatible, 
Dual 
Channel 


NOTES: (1) Com = O'C to +70'C, 
Ext = -40'C 
to +85'C, Ind = -25'C 
to +85'C, Mil = -55'C 
to +' 25'C. (2) DIP - 0.3" wide DIP, DDIP = 0.6- wide DIP, TDIP - 0.9" wide DIP, PLCC = Plastic Leaded Chip Carrier, SO = Smal 


Surtace Mount. (3) Linearity errors ±0.025% reading ±2.5ppm FSR. 


Design 
Speed 


Elnl 


Minimum 


Speed 


PCM-4 


Product 


AFEll03E 


Power 
Compatibility 


300mW BrooktreelMetalink 


Description 


Burr-Brown's 
HOSL Analog Front End greatly reduces the size and cost of an HOSL system by providing 
aI/ of the l 


analog circuitry 
needed to connect the Brooktree 
Bt8952 HOSL digital signal processor 
to an external compromise 
hybrid and a 1:2 HOSL line transformer. 
Functional/y, 
this unit is separated Into a transmit and a receive section. n 
transmit section generates, filters, and buffers outgoing 
2Bl0 
data. The receive section performs 
initial filters and 
digitizes 
the symbol data received on the telephone line and passes it to the HOSL OSP chip. The HOSL Analog Inte 
is a monolithic 
device fabricated 
on 0.611CMOS. It operates on a single +5V supply (using only 300mW). It is housec 
a 48-pin SSOP package. This unit is second sourced by Brooktree's 
Bt8921. 


Burr-Brown's 
HOSL Analog Front End greatly reduces the size and cost of an HOSL system by providing 
aI/ of the a 
analog circuitry needed to connect PairGain Technologies 
SPAROW HOSL digital signal processor 
to an external coml 
hybrid and a 1:2 HOSL line transformer. 
Functional/y, 
this unit is separated into a transmit and a receive section. 
Th, 


transmit section generates, filters, and buffers outgoing 2B 10 data. The receive section performs 
initial echo cancel/a' 


filters and digitizes the symbol data received on the telephone line and passes it to the HOSL OSP chip. The HOSL ) 
Interface is a monolithic 
device fabricated on 0.611CMOS. It operates on a single +5V supply (using only 300mW). It is 


in a 48-pin SSOP package. 


, DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT 
IN DEVELOP 


~ 


~m~ 
LII~ 
z~ 


Product 


SDM506t5) 


SDM50](5) 


SDM516t5) 


SDM51](5) 


SDM862(1) 


SDM863(1) 


SDM872(1) 


SDM873(1) 


Channels 


16-Channel, 
single 
ended 


8-Channel, 
differential 


16-Channel, 
single 
ended 


8-Channel, 
differential 
16-Channel, single ended 
8-Channel, differential 
16-Channel, single ended 
8-Channel, differential 


Resolution 
(Bits) 


16 


16 
16 


16 
12 
12 
12 
12 


Linearity 
Error 
(%FSR) 


iO.012 


iO.012 


iO.012 


iO.012 
±0.012 
±0.012 
±0.012 
±0.012 


Input 
Range 
(see table, 
pg 2.5) 
(V) 


S,R,P,E 


D,C 
S 
S 


R,S,E 


R,S,E 


R,S,E 


R,S,E 


Throughput 
Rate 
(kHz) 


100 


100 


100 


100 
33 
33 
50 
50 


Temp 
Range(2) 


Xlnd 


Xlnd 


Xlnd 


Xlnd 
Com, Ind, Mil 
Com, Ind, Mil 
Com, Ind, Mil 
Com, Ind, Mil 


Pkg(3) 


PLCC 


PLCC 


PLCC 


PLCC 
LCC, PGA 
LCC, PGA 
LCC, PGA 
LCC, PGA 


Descriptio 


Serial Out 


Serial Out 
Parallel 0, 
Parallel 0, 
Parallel au 
Parallel au 
Parallel au 
Parallel au 


SPECIFICATION 
RANGE 
SPECIFICATION 
RANGE 
CODE 
(V) 
CODE 
(V) 


A 
o to 1.25 
L 
±1.25 
B 
Oto 2.5 
M 
±2.0 
C 
Oto 4 
N 
±2.5 
D 
Oto 5 
0 
±2.75 
E 
o to 10 
P 
±3.33 
F 
o to 20 
Q 
±4.0 
G 
o to-10 
R 
±5.0 
H 
±0.312 
S 
±10.0 
I 
±0.5 
Z 
1.25 to 3.25 
J 
±0.625 
AA 
0.3125 to 2.8125 
K 
±1.0 
BB 
0.5 to 4.5 


, DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPM 


Some specifications 
have been estimated 
for compariE 


AID CONVERTERS, DATAACQUISITION COMPONEN';:;"'I"'" 
'"~,~,,~- 
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BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete Data Sheet 


Call Fax Line 1·800-548-6133 
Request Document Number 11060 


16-Bit 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
16-BIT RESOLUTION 


• 
±O.003% MAXIMUM 
NONLINEARITY 


• 
COMPACT 
DESIGN: 
32-pin Hermetic 


Ceramic 
Package 


• 
CONVERSION 
SPEED: 
50/lS max 


The ADC7l 
is a low cost, high quality, 
16-bit succes- 
sive approximation 
analog-to-digital 
converter. It uses 


laser-trimmed 
ICs and is packaged 
in a convenient 
32-pin 
hermetic 
ceramic 
dual-in-line 
package. 
The 
converter 
is complete 
with internal 
reference, 
clock, 


comparator, 
and 
thin-film 
scaling 
resistors, 
which 
allow selection of analog input rang.::s of ±2.5V, ±5V, 
±10V, 0 to +5V, 0 to +lOV and 0 to +20V. 


Data 
is available 
in parallel 
and 
serial 
form 
with 


corresponding 
clock and status output. All digital in- 
puts and outputs are TTL-compatible. 


Power supply voltages are ±15VDC 
and +5VDC. 


Parallel 


Digital 
Output 


BURR - BROWN_ 
leaeal 


SPECIFICATIONS 


ELECTRICAL 


ADC71J, 
K 
ADC71A, 
B 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
16 
Bits 
,... 
•••••• 


INPUTS 
0 
ANALOG 
C 
Voltage Ranges: Bipolar 
±2.5, ±5, ±10 
±2.5, ±5, ±10 
V 


Unipolar 
o to +5, 0 to +10, 
o to +5, 0 to +10, 
V 
<C 
o to +20 
o to +20 


Input Impedance 
(Direct Input) 
o to +5V, ±2.5V 
2.5 
2.5 
kO 


o to +10V, ±5.0V 
5 
5 
kn 


o to +20V, ±10V 
10 
10 
kO 


DIGITALl') 
Convert Command 
Positive pulse 50ns wide (min) trailing edge (~1" to uQ" initiates conversion) 
en 
Logic Loading 
1 
ITL 
Load 
~ 


TRANSFER 
CHARACTERISTICS 
Z 
ACCURACY 
W 
Gain 
Error(2) 
±0.1 
±D.2 
±0.1 
±0.2 
% 
Z 
Off5et(2): Unipolar 
±0.05 
±D.l 
±0.05 
±0.1 
% of FSR(3) 
0 
Bipolar 
±0.1 
±D.2 
±0.1 
±0.2 
% of FSR 
Linearity Error: K, B 
±0.003 
±0.003 
% of FSR 
a. 


J, A 
±0.006 
±0.006 
% of FSR 
:E 
Inherent Quantization 
Error 
±112 
±1/2 
LSB 
0 
Differential 
Linearity 
Error 
±0.003 
±0.003 
% of FSR 


POWER SUPPLY 
SENSITIVITY 
0 


±15VDC 
0.003 
0.003 
% of FSR/%Vs 
Z 
+5VDC 
0.001 
0.001 
% of FSRI%Vs 


CONVERSION 
TIMEt.) 
0 


14 Bits 
50 
50 
I1S 
i= 
WARM·UP 
TfME 
5 
min 
Cii 
DRIFT 
- 
Gain 
±10 
±15 
ppm/'C 
::J 
Offset: Unipolar 
±2 
±4 
±2 
ppm of FSR/'C 
0 
Bipolar 
.. 
±8 
±10 
±5 
±10 
ppm of FSR/'C 
0 
Linearity 
±2 
±3 
±2 
ppm of FSR/'C 


No Missing Codes Tamp Range 
<C 
J, A (13 Bits) 
0 
+70 
-25 
+85 
'C 


~ 
K, B (14 Bits) 
0 
+70 
-25 
+85 
'C 


OUTPUT 
<c 
DIGITAL 
DATA 
(All Codes Complementary) 
C 
Parallel Output Codes(5l: Unipolar 
CSB 
~ 
Bipolar 
COB, CTC") 
en 
Output Drive 
2 
ITL 
Loads 
a: 
Serial Data Code (NRZ) 
CSB, COB 
W 
Output Drive 
2 
ITL 
Loads 
~ 
Status 
Logic "1" During Conversion 
a: 
Status Output Drive 
2 
2 
ITL 
Loads 


Clock Output Drive 
2 
2 
ITL 
Loads 
W 
Frequency(7) 
280 
kHz 
> 
INTERNAL 
REFERENCE 
VOLTAGE 
6.0 
6.3 
6.6 
6.0 
6.3 
6.6 
V 
Z 
Max External Current with 
0 
No Degradation 
of Specs 
±200 
±200 
~A 


Tamp Coefficient 
±10 
ppml'C 
0 


POWER SUPPLY 
REQUIREMENTS 
C 
Power Consumption 
655 
655 
mW 
<c 
Rated Voltage, Analog 
±11.4 
±15 
±16 
VDC 


Rated Voltage, 
Digital 
+4.75 
+5 
+4.75 
VDC 


Supply Drain +15VDC 
+10 
+15 
mA 


Supply Drain -15VDC 
-28 
-35 
mA 


Supply Drain +5VDC 
+17 
+20 
mA 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
-25 
+85 
'C 


Operating 
(Derated Specs) 
-25 
+85 
-55 
+125 
'C 


Storage 
-55 
+125 
-55 
+125 
'C 


NOTES: (1) CMOSmL 
compatible, 
i.e., Logic "0· = 0.8V, max Logic "1· = 2.0V, min for inputs. For digital outputs Logic "0" = +0.4V, max Logic "1" = 2.4V min. 


(2) Adjustable 
to zero. (3) FSR means Full Scale Range. For example, unit connected 
for ±10V range has 20V FSR. (4) Conversion 
time may be shortened with 


"Short Cycle" set for lower resolution, see "Additional Connections 
Required~ section. (5) See Table I. CSB "" Complementary 
Straight Binary. COB = Complementary 


Offset Binary. CTC = Complementary 
Two's Complement. 
(6) CTC coding obtained by inverting MSB (Pin 1). 
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(MSB) Bit 1 


Bit 2 


Bit 3 


Bit 4 


BitS 


Bit6 


Bit7 


Bit 8 


BitS 


Bit 10 


Bit 11 


Bit12 


(LSB for 13 bits) Bit 13 


(LSB for 14 bits) Bit 14 


Bit 1S 


Bit 16 


Short Cycle 


Convert 
Command 


+SVDC Supply 


Gain Adjust 


+lSVDC Supply 


Comparator 
In 


Bipolar Offset 


10V 


20V 


RefOut6.3V 


Analog 
Common(1) 


-lSVDC 
Supply 


Clock Out 


Digital Common 


Status 


Serial Out 


+Vcc to Common 
0 to +16.5V 


-Vcc to Common.. 
. 
OV to -16.5V 


+VOD 
to Common 
OV to +N 
Analog 
Common 
to Digital 
Common 
±O.5V 


Logic Inputs to Common 
oV to Voa 
Maximum 
Power Dissipation.. 
. 
1000mW 
Lead Temperature 
(10s) 
300·C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


ADC71JG 
32-Pin Hermetic DIP 
172·S 
ADC71KG 
32-Pin Hermetic DIP 
172·S 
ADC71AG 
32-Pin Hermetic DIP 
172-S 
ADC71BG 
32-Pin Hermetic DIP 
172·S 


MODEL 
TEMPERATURE 
RANGE 
NONLINEARITY 


ADC71JG 
O·C to +70·C 
±0.006% 
FSR 
ADC71KG 
COC to +70°C 
±0.003% 
FSR 


ADC71AG 
-2S·C 
to +8S'C 
±0.006% 
FSR 


ADC71BG 
-2S·C 
to +8S·C 
±0.003% 
FSR 


The information 
provided herein is believed 
to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the uso of this information, 
and 
all use ot such 
Information 
shall 
be entirely 
at the user's 
own 
risk. 
Prices 
and 
specifications 
are 
subject 
to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are Implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURA-BROWN 
product for use in life support devices 
and/or 
systems. 
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Convert Command(l) 


Internal Clock 


MSB 


1 I 
2 I 
3 


"0" 
"1" 
"1" 


6 I 
7 


"1" 
"1" 


8 LLJ 
10 


"1" 
"0" 
"1" 


11 lE...f13l 


"1" 
"0" 
"1" 


I 
Serial~ 


Out 
! 


I 


40-125ns~ 
! 


II- 
I 
II 
I 
I 
III 


Binary 
(BIN) 
Output 
INPUT VOLTAGE 
RANGE 
AND LSB VALUES 


Analog 
Input 
Voltage Range 
Defined 
As: 
±10V 
±5V 
±2.5V 
o to +10V 
o to +5V 
o to +20V 


Code 
COBI') 
COBI') 
COBI') 


Designation 
or CTC(2) 
or CTC(2) 
orCTC(2) 
CSB(3) 
CSB(3) 
CSB(3) 


One Least 
FSR 
20V 
10V 
2'!...- 
10V 
2'!...- 
20V 
Significant 
2" 
2" 
2" 
2" 
2" 
2" 
2" 


Bit (LSB) 
n = 12 
4.88rnV 
2.44mV 
1.22mV 
2.44mV 
1.22mV 
4.88mV 


n = 13 
2.44mV 
1.22mV 
610uV 
1.22mV 
610uV 
2.44mV 


n = 14 
1.22mV 
610uV 
305uV 
610uV 
305uV 
1.22mV 


Transition 
Values 
MSB 
LSB 


000 ... 000(4) 
+Full Scale 
+1OV-3/2LSB 
+5V-3/2LSB 
+2.5V-3/2LSB 
+1OV-3/2LSB 
+5V-3/2LSB 
+20V-312LSB 
011 ... 111 
Mid Scale 
0 
0 
0 
+5V 
+2.5V 
+10V 
111 ... 110 
-Full 
scale 
-10V 
+1I2LSB 
-5V 
+1I2LSB 
-2.5V 
+1/2LSB 
o +1I2LSB 
o +1I2LSB 
o +1I2LSB 
-- 


NOTES: (1) COB = Complementary 
Offset Binary. (2) Complementary 
Two's Complement-<lbtained 
by inverting the most significant bit MSB (pin 1). (3) CSB 


= Complementary 
Straight 
Binary. (4) Voltages 
given are the nominal value for transition to the code specified. 


TABLE I. Input Voltages, Transition 
Values, LSB Values, and Code Defmjtions. 
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BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete 
Data Sheet 
Call FaxLine 1·800·548·6133 
Request Document 
Number 11063 


16-Bit 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
16-BIT 
RESOLUTION 


• 
LINEARITY ERROR: :tl>.003% max (KG, BG) 


• 
NO MISSING 
CODES 
GUARANTEED 
FROM -25°C 
TO +85°C 


• 
17115CONVERSION 
TIME (16-Bit) 


• 
SERIAL 
AND PARALLEL 
OUTPUTS 


The ADC76 
is a high quality, 
16-bit successive 
ap- 


proximation 
analog-to-digital 
converter. 
The ADC76 


uses state-of-the-art 
laser-trimmed 
IC thin-film resis- 
tors and is packaged in a hermetic 32-pin dual-in-line 
package. The converter 
is complete 
with internal ref- 
erence, 
short cycling 
capabilities, 
serial output, 
and 


thin-film 
scaling 
resistors, 
which allow selection 
of 
analog input ranges of ±2.SV, ±SV, ±10V, 0 to +SV, 
o to +lOV and 0 to +20V. 


It is specified 
for operation 
over 
two temperature 


ranges: O°C to +70°C (J, K) and -2SoC to +8SoC (A, B). 


Data 
is available 
in parallel 
and serial 
form 
with 


corresponding 
clock 
and 
status 
output. 
All digital 
inputs and outputs are TTL-compatible. 


Power supply voltages are ±ISVDC 
and +SVDC. 


Parallel 
Digital 
Output 


Short Cycle 
Convert Command 


} 
Input Range 
Select 


Clock Rate Control 
Clock Out 


a Status 


Serial Out 


BURR - BROWNe 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 


ADC76J, 
K 
ADC76A, 
B 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
Bits 
«) 
I"'- 


ANALOG 
INPUTS 
0 
Voltage 
Ranges: 
Bipolar 
±2.5, ±5, ±10 
V 
C 
Unipolar 
Oto+5,Oto+10 
V 
o to +20 
<C 
Impedance 
(Direct Input) 
o to +5V, ±2.5V 
2.5 
k!l 
o to +10V, ±5.0V 
5 
k!l 
o to +20V, ±10V 
10 
k!l 


DIGITAL 
INPUTS") 


Convert 
Command 
Positive 
pulse 
SOns wide 
(min) 
trailing 
edge 
{"1" to "0· initiates 
conversion} 


Logic 
Loading 
I 
1 
1 
1- 
1 
1 
TTL Load 
en 
TRANSFER 
CHARACTERISTICS 
I- 


ACCURACY 
Z 


Gain 
Error<2l 
±C.1 
±C.2 
% 
W 


Offset 
Error: 
Unipolar(2) 
±C.05 
±C.1 
% of FSR(3) 
Z 
Bipolae21 
±C.1 
±C.2 
% of FSR 
0 
Linearity 
Error: K, 8 
±0.003 
% of FSR 
J, A 
±0.006 
% of FSR 
a. 


Inherent 
Quantization 
Error 
±112 
LSB 
:= 
Differential 
Linearity 
Error 
±0.003 
% of FSR 
0 
Noise (3o, pop) 
±0.001 
±0.003 
% of FSR 


POWER SUPPLY 
SENSITIVITY 
0 


±15VDC 
0.003 
% of FSFV%Vs 
Z 
+5VDC 
0.001 
% of FSRI%Vs 


CONVERSION 
TIME") 
0 


14 Bits 
15 
lIS 
t= 
15 Bits 
16 
lIS 
16 Bits 
17 
lIS 
en 
WARM-UP 
TIME 
I 
5 
Min 
:) 
DRIFT 
Gain 
±15 
ppmrc " 


Offset: 
Unipolar 
±2 
±4 
ppm of FSRi"C 
0 
Bipolar 
±10 
ppm of FSRi"C 
<C 
Linearity 
±2 
±3 
ppm of FSRi"C 


No Missing 
Codes 
Temp 
Range 


~ 
J, A (13·bit) 
0 
+70 
-25 
+85 
°C 
K, B (14·bit) 
0 
+70 
-25 
+85 
°C 
<c 
OUTPUT 
DIGITAL 
DATA 
C 
(All codes complementary) 


Parallel 
en 
Output 
Codes(5): 
Unipolar 
CSB 
a:: 
Bipolar 
COB, CTCI') 


Output 
Drive 
2 
TTL Loads 
W 


Serial Data Code (NRZ) 
CSB, COB 
I- 


Output 
Drive 
2 
TTL Loads 
a:: 


Status 
Logic "1" during 
conversion 
W 
Status 
Output 
Drive 
2 
TTL Loads 
> 
Internal 
Clock: 
Clock 
Output 
Drive 
2 
TTL Loads 


Frequency(7) 
933 
1400 
kHz 
Z 
POWER SUPPLY 
REOUIREMENTS 
0 
Power 
Consumption 
0.655 
W 
0 
Rated Voltage: Analog 
±11.4 
±15 
±16 
VDC 


Digital 
+4.75 
+5 
+5.25 
VDC 
C 


Supply Drain: 
+15VDC 
+10 
+15 
mA 
< 
-15VDC 
-28 
-35 
mA 
+5VDC 
+17 
+20 
mA 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
-25 
+85 
°C 
Storage 
-55 
+125 
°C 


"Specification 
same 
as ADC76J, 
K. 


NOTES: (1) CMOSfTTL compatible, i.e., Logic "0· = 0.8V, max, Logic "1" = 2.0V, min for inputs. For digital outputs Logic -0" = OAV, max, Logic "1' = 2.4V, min. (2) Adjustable 


to zero. 
See "Optional 
External 
Gain and Offset Adjustmenr 
section. 
(3) FSR 
means 
Full scale 
Range. 
For example, 
unit connected 
for ±1 OV range 
has 20V 
FSR. 
(4) 


Conversion 
time may be shortened 
with "Short Cycle" set for lower resolution and with use of Clock Rate ContrOl. See "Optional Conversion 
Time Adjustment" 
section. The 
Clock. Rate Control (pin 23) should be connected 
to Digital Common 
for specified conversion 
time. Short Cycle (pin 32) should be left open for 16·bit resolution or connected 
to the n + 1 digital output for n·bit resolution. 
For example, 
connect Short Cycle to Bit 15 (pin 15) for 14-bit resolution. 
For resolutions 
less than 16 bits, pin 32 should also 


be tied to +5V 
through 
a 2kn 
resistor. 
(5) See 
Table 
I. CSB = Complementary 
Straight 
Binary, 
COB:::: 
Complementary 
Offset 
Binary, 
CTC 
"" Complementary 
Two's 
Complement. 
(6) CTe 
coding obtained 
by inverting MSB 
(pin 1). (7) Adjustable 
with Clock Rate Control from approximately 
933kHz 
to l.4MHz. 
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Bit 12 


(LSB for 13 Bits) 
Bit 13 


(LSB for 14 Bits) 
Bit 14 


Bit 15 


Bit 16 


+Vcc to Common.. 
. 
OV to +16.5V 


-Vcc 
to Common.. 
.. OV to -16.5V 


+VOD to Common.. 
... OV to +7V 


Analog 
Common 
to Digital Common 
±O.5V 
Logic Inputs to Common. 
.. OV to Voa 
Maximum 
Power Dissipation 
1000mW 
Lead Temperature 
(soldering, 
IDs) 
. 
30QoC 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


ADC76JG 
32-Pin 
Hermetic 
DIP 
172-5 
ADC76KG 
32-Pin 
Hermetic 
DIP 
172-5 
ADC76AG 
32-Pin 
Hermetic 
DIP 
172-5 
ADC76BG 
32-Pin 
Hermetic 
01P 
172-5 


LINEARITY 
ERROR 


MODEL 
ma. 
(% of FSR) 
TEMPERATURE 
RANGE 


ADC76AG 
±O.O06 
-25°C 
to +85°C 
ADC76BG 
±O.OO3 
-25°C 
to +85°C 
ADC76JG 
±O.OO6 
O°C to +70°C 
ADC76KG 
±O.OO3 
O°C to +70°C 


The information 
provided herein is believed to be reliable; however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and aU use of such Information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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Convert Command!l) 


Internal Clock 


Status (EOC) 


MBS 


Bit 2 


Bit 3 


Bit 4 


Bij5 


Bit6 


Bitl 


Bit8 


Bit9 


Bit 10 


Bit 11 


Bit 12 


Bit13 


Bit 14 


Bit 15 


Bit 16 


Serial Data Out 


--I 
===]"0" 
====JL....J 
"I" 
====1 l---J 
===] 
===] 
====-~------~LJ "I" 
====·~I----------.L.-J--"I-" 
----------------- 
::::J 
U~-"I-"------------------- 
===] 
I~"O_· 
~r_ 
====-1 
------------~L.J-"-I"---------- 
===]--------------~LJ-·-l"---------- 
===] 
_I "~O" 
r_ 
===]-----------------U-·-l·------ 
:::--1--------------------------, 
·0" 
r- 
===] 
1"0" 
r- 


====~:=2=::.-=--=--3--:-4---5-~I-=--6--:::l:~::8:~LLJ-9-::1:0:::1:1~l...gJ"""i"3l-1-2--1-3--1-4~~ 


"0" 
·1" 
"I" 
"0" 
"0" 
"I" 
"I" 
"I" 
"0" 
"I" 
"I" 
"0" 
"I" 
"0" 
"0" 
"I" 


"1" 


"0" 


I "0" 


I 
Serial 
----..1 
Out 
l 


II 
: .....- 
40·125ns 


BINARY 
(BIN) OUTPUT 
INPUT VOLTAGE RANGE AND LSB VALUES 


Analog Inpul 
Voltage Range 
Defined As: 
±10V 
±5V 
±2.5V 
Oto+l0V 
o to +5V 
o to +20V 


Code 
COB!I) 
COB!1l 
COB!I) 


Designation 
or CTC(2) 
or CTC!>} 
or CTC!>} 
CSB!') 
CSB!') 
CSB!') 


One Least 
FSR 
20V 
10V 
5V 
10V 
5V 
20V 
Significant 
2i' 
2" 
2" 
2" 
F 
2" 
2i' 
Bit (LSB) 
n = 12 
4.88mV 
2.44mV 
1.22mV 
2.44mV 
1.22mV 
4.88mV 


n = 13 
2.44mV 
1.22mV 
61O~V 
1.22mV 
610~V 
2.44mV 
n"", 14 
1.22mV 
610~V 
305~V 
610~V 
305~V 
1.22mV 


Transition 
Values 


MSB LSB 
000 ... 000(4) 
+Full Scale 
+10V-3/2LSB 
+5V-3/2LSB 
+2.5V-3/2LSB 
+10V-3/2LSB 
+5V-3/2LSB 
+20V-3/2LSB 
011 ... 111 
Mid Scale 
0 
0 
0 
+5V 
+2.5V 
+10V 
111 ... 110 
-Full scale 
-10V 
+II2LSB 
-5V 
+lJ2LSB 
-2.5V 
+112LSB 
o +II2LSB 
o +II2LSB 
o +lJ2LSB 


NOTES: (1) COB = Complementary 
Offset Binary. (2) Complementary 
Two's Complement-obtained 
by inverting the most significant bit MSB (pin 1). 


(3) CSB "" Compl9mentary 
Straight Binary. (4) Voltago3 given are the nominal value lor lransltlon to tne cOde specified. 
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General Purpose 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
INDUSTRY-STANDARD 
12-BIT ADC 


• 
iO.012% 
LINEARITY 


• 
2511Smax CONVERSION 
TIME 


• 
±12V OR ±15V OPERATION 


• 
NO MISSING 
CODES: 
-25°C 
to +85°C 


• 
HERMETIC 
32-PIN 
PACKAGE 


• 
PARALLEL 
AND SERIAL 
OUTPUTS 


• 
595mW 
max DISSIPATION 


Clock 
Inhibit 
External 
Clock 
Short 
Cycle 
Comparator 


In 


2QV Range 


The 
ADC80 
is a 12-bit 
successive-approximation 
analog-to-digital 
converter, 
utilizing 
state-of-the-art 
CMOS and laser-trimmed 
bipolar die custom designed 
for freedom 
from latch-up 
and optimum 
AC perfor- 
mance. It is complete with a comparator, 
a monolithic 


12-bit DAC which includes 
a 6.3V reference 
laser- 


trimmed for minimum 
temperature 
coefficient, 
and a 


CMOS logic chip containing 
the successive 
approxi- 
mation register (SAR), clock, and all other associated 
logic functions. 


Internal scaling resistors are provided for the selection 
of analog input signal ranges of ±2.SV, ±SV, ±IOV, 0 
to +SV, or 0 to +IOV. Gain and offset errors may be 
externally 
trimmed 
to zero, enabling 
initial endpoint 
accuracies 
of better than ±O.12% (±1I2LSB). 


The maximum 
conversion 
time of 2Sf.ISmakes 
the 


ADC80 ideal for a wide range of 12-bit applications 
requiring 
system 
throughput 
sampling 
rates 
up to 


40kHz. In addition, the ADC80 may be short-cycled 
for faster conversion 
speed with reduced 
resolution, 


and an external clock may be used to synchronize 
the 
converter to the system clock or to obtain higher speed 
operation. 


Data 
is available 
in parallel 
and serial 
form 
with 
corresponding 
clock 
and status 
signals. 
All digital 
input and output signals are TILILSTIL-compatible, 
with internal pull-up resistors 
included 
on all digital 
inputs to eliminate the need for external pull-up resis- 
tors on digital inputs not requiring 
connection. 
The 
ADC80 
operates 
equally 
well with either ±ISV 
or 
± 12V analog power supplies, and also requires use of 
a +SV logic power 
supply. 
However, 
unlike 
many 
ADC-type products, a +SV analog power supply is not 
required. 
It is packaged 
in a hermetic 
32-pin 
side- 


brazed ceramic dual-in-line 
package. 
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SPECIFICATIONS 


ELECTRICAL 
At TA = +25°C, ±Vcc = 12V or 15V, Voa::: +SV, unless otherwise specified. 


ADC80AG 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
0 


ADC80AG-12, 
ADC80-AGZ -12(1) 
12 
Bits 
CO 


ADC80AG-10 
10 
Bits 
0 


INPUT 
C 


ANALOG 
<I: 


Voltage Ranges: Unipolar 
o to +5, 0 to +10 
V 
Bipolar 
±2.5, ±5, ±10 
V 


Impedance: 
0 to +5V, ±2.5V 
2.45 
2.5 
2.55 
k!l 
o to +10V, +5V 
4.9 
5 
5.1 
k!l 


±10V 
9.8 
10 
10.2 
k!l 


DIGITAL 
en 
Logic Characteristics 
(Over specification 
temperature 
range) 
I- 


V'H (Logic "1") 
2 
5.5 
V 
Z 
Vil (Logic "0") 
-0.3 
+0.8 
V 


I'H (V'N • +2.7V) 
-150 
l'A 
W 


III (V'N = +O.4V) 
500 
l'A 
Z 


Convert Command 
Pulse Width(2) 
100 
2000 
ns 
0 
TRANSFER 
CHARACTERISTICS 
C. 


ACCURACY 
~ 
Gain 
Error(2) 
±0.1 
±0.3 
% of FSR(4) 
0 
Offset Error(3): Unipolar 
±0.05 
±0.2 
% of FSR 
Bipolar 
±0.1 
±0.3 
'% of FSR 
0 
Linearity Error: ADC80AG-12, 
ADC80AGZ-12 
±0.012 
% of FSR 
Z 
ADC80AG-l0 
±0.048 
% 01 FSR 


Differential 
Linearity Error 
±112 
±314 
LSB 
0 
Inherent Quantization 
Error 
±112 
LSB 
!::: 
POWER SUPPLY 
SENSITIVITY 


11.4V~±Vcc~ 
16.5V 
±0.003 
±0.OO9 
% of FSRI'%Vcc 
en 


+4.5V $ Voo $ +5.5V 
±0.OO2 
±0.OO5 
% of FSRl':IfoVoo - 
::::) 
DRIFT 
0 
Total Accuracy, 
Bipolar<S) 
±10 
±23 
ppml"C 
Gain 
±15 
±30 
ppml"C 
0 


Offset: Unipolar 
±3 
ppm of FSRI"C 
<I: 
Bipolar 
±7 
±15 
ppm of FSRI"C 


~ 


Linearity 
Error Drift 
±1 
±3 
ppm of FSRI"C 
Differential 
Linearity over Temperature 
Range 
±314 
LSB 
No Missing Gode Temperature 
Range 
-25 
+85 
"C 
<c 


Monotonicity 
Over Temperature 
Range 
Guaranteed 
C 
CONVERSION 
TIME(') 


ADC80AG-12, 
ADC80-AGZ-12 
15 
22 
25 
l'S 
en 


ADCBOAG-10 
13 
20 
22 
l'S 
a: 
OUTPUT 
W 
DIGITAL 
(Bits 1-12 , Clock Out, Stalus, Serial Out) 
I- 


Output Codesm 
a: 
Parallel: Unipolar 
CSB 
W 
Bipolar 
COB, CTC 
> 
Serial (NRZ)IB) 
CSB, COB 
Logic Levels: Logic 0 (lSINK s: 3.2mA) 
+0.4 
V 
Z 
Logic 1 (ISOURCE$ 8Ol'A) 
+2.4 
V 
0 
Internal Clock Frequency 
545 
kHz 
0 
INTERNAL 
REFERENCE 
VOLTAGE 


Voltage 
+6.2 
+6.3 
+6.4 
V 
C 


Source Current Available for External Loads(9) 
200 
l'A 
<i 
Temperature 
Coefficient 
±10 
±30 
ppml"C 


The information 
provided 
herein is believed to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes no responsIbilIty for the use of thiS Information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR· BROWN product for use in life support devices and/or systems. 
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ADC80AG 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
REQUIREMENTS 
(For all models) 
Voltage: ±Vcc 
±11.4 
±15 
±16.5 
V 
Voo 
+4.5 
+5 
+5.5 
V 
Current: 
+Icc 
5 
8.5 
mA 
-Ice 
21 
26 
mA 


100 
11 
15 
mA 
Power Dissipation 
(±Vcc::: 
15V) 
450 
595 
mW 
Thermal 
Resistance, 
(JJA 
50 
·CIW 


TEMPERATURE 
RANGE (Ambient) 
Specification 
-25 
+85 
·C 


Operating 
(derated specs) 
-55 
+125 
·C 


Storage 
~5 
+150 
OC 


NOTES: (1) ADC80AGZ·12 
is not recommended 
for new designs. Standard ADC80AG-12 
now meets the extended power supply range of the ADCBOAGZ·12. (2) 
Accurate conversion will be obtained with any convert command pulse width of greater than 1DOns; however, it must be limited to 21ls (max) to assure the specified 
conversion 
time. (3) Gain and offset errors are adjustable to zero. See "Optional 
External Gain and Offset Adjustmenr 
section. (4) FSR means Full-Scale Range 
and is 20V for ±10V range, 10V for ±5V and 0 to +10V ranges, etc. (5) Includes drift due to linearity, gain, and offset drifts. (6) Conversion time is specified 
using 
internal clock. For operation with an external clock see ·Clock Options" section. This converter 
may also be short-cycled 
to less than 12-bit resolution 
for shorter 
conversion 
time: see ·Short Cycle Feature" section. (7) CSB means Complementary 
Straight Binary, COB means Complementary 
Offset Binary, and CTC means 
Complementary 
Two's Complement coding. See Table 1 for additional information. (8) NRZ means Non-Return-to-Zero 
coding. (9) External loading must be constant 
during conversion, 
and must not exceed 200~ 
for guaranteed 
specification. 


PIN 
DESCRIPTION 
PIN 
DESCRIPTION 


1 
Bit 6 
32 
Bit7 


2 
Bit 5 
31 
BitB 


3 
Bit 4 
30 
Bit 9 


4 
Bit 3 
29 
Bit 10 (LSB-10 Bits) 


5 
Bit 2 
28 
Bit 11 


6 
Bit 1 (MSB) 
27 
Bit 12 (LSB·12 Bits) 


7 
NCI') 
26 
Serial Out 


B 
Bit 1 (MSB) 
25 
-Vcc 


9 
+5V Digital Supply 
24 
Reference Out (+6.3V) 


10 
Digital Common(2) 
23 
Clock Out 


11 
Comparator 
In 
22 
Status 


12 
Bipolar Offset 
21 
Short Cycle 


13 
R, 10V Range 
20 
Clock Inhibit 


14 
R2 20V Range 
19 
External Clock 
15 
Analog Common 
1B 
Convert Command 


16 
Gain Adjust 
17 
+Vcc 


BURR 
- BROWN_ 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
1E3E31 


Voo to Digital Common. 
. 
. 
0 to +7V 
Analog Common to Digital Common 
±0.5V 
Logic Inputs (Convert Command, Clock In) 
to Digital Common. 
. 
-Q.3V to +Voo +O.5V 
Analog Inputs (Analog In, Bipolar Offset) 
to Analog Common. 
. 
±16.5V 
Reference 
Output 
Indefinite Short to Common, 


Momentary 
Short to Vcc 


Lead Temperature, 
(soldering, 
10s) 
+300·C 


ADC80AG-10 
ADC80G-12 
ADC80GZ-121') 


NOTE: (1) ADC80AGZ-12 
is not recommended 
for new designs. 
Standard 


ADC80AG-12 
now 
meets 
the 
extended 
power 
supply 
range 
of 
the 
ADC80AGZ-12. 


CAUTION: 
These 
devices 
are sensitive 
to electrostatic 
discharge. 


Appropriate 
I.C. handling 
procedures 
should 
be followed. 


Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent 
damage to the device. Exposure to absolute maxi- 
mum conditions 
for extended periods may affect device reliability. 


ADC80AG-10 
ADC80G-12 
ADC80AZ-12(') 


32-Pin 
Hermetic 


32·Pin Hermetic 
32-Pin Hermetic 


Internal 


Clock -I 
1- 
tso 
Status -.-J~-----------------------~~ 


-I 
I-tov 


Data Invalid I Bit 1 I Bit 2 I Bit 3 I Bit 4 I Bit 5 I Bit 6 I Bit 7 I Brt 8 I Bit 9 IBit 10 IBit 11 IBit 121 


SYMBOL 
PARAMETER 
TYP 
UNITS 


Ico 
Clock delay from convert command 
30 
ns 
Icp 
Nominal clock period 
1.65 
~s 
Icw 
Nominal clock pulse width 
0.65 
~s 
tso 
Status delay from convert command 
130 
ns 
tR 
All bits reset delay from convert command 
65 
ns 
tov 
Data valid time from clock pulse high 
-5 
ns 


BURR-BROWN_ 
1E:II::l1 
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Signal Products 


BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-8133 


Request Document 
Number 10694 


Monolithic 
12-Bit 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
INDUSTRY-STANDARD 
12-BIT ADC 


• 
MONOLITHIC 
CONSTRUCTION 


• 
LOW COST 


• 
±O.012% LINEARITY 


• 
25l!S max CONVERSION 
TIME 


• 
±12V OR ±15V OPERATION 


• 
NO MISSING 
CODES: 
-25°C 
to +85°C 


• 
HERMETIC 
32-PIN PACKAGE 


• 
PARALLEL 
OR SERIAL 
OUTPUTS 


• 
705mW 
max DISSIPATION 


The ADC80MAH-12 
is a 12-bit single-chip 
succes- 
sive-approximation 
analog-to-digital 
converter for low 
cost 
converter 
applications. 
It is complete 
with 
a 
comparator, 
a 12-bit DAC 
which 
includes 
a 6.3V 
reference 
laser-trimmed 
for 
minimum 
temperature 
coefficient, a successive approximation 
register (SAR), 


clock, and all other associated 
logic functions. 


Internal scaling resistors are provided for the selection 
of analog input signal ranges of ±2.5V, ±5V, ±IOV, 0 
to +5V, or 0 to +IOV. Gain and offset errors may be 
externally 
trimmed to zero, enabling initial end-point 
accuracies 
of better than ±O.12% (±1/2LSB). 


The maximum 
conversion 
time of 251JS makes 
the 
ADC80MAH-12 
ideal 
for a wide 
range 
of 
12-bit 
applications 
requiring 
system 
throughput 
sampling 
rates up to 40kHz. In addition, this AID converter may 
be short-cycled 
for faster conversion 
speed with re- 
duced resolution, and an external clock may be used to 
synchronize 
the converter 
to the system clock or to 
obtain higher-speed 
operation. The convert command 


circuits have been redesigned to allow simplified free- 
running operation 
with internal or external clock. 


Data 
is available 
in parallel 
and serial 
form 
with 
corresponding 
clock 
and status 
signals. 
All digital 


input and output signals are TTLlLSTTL-compatible, 
with internal pull-up resistors 
included 
on all digital 
inputs to eliminate the need for external pull-up resis- 
tors on digital inputs not requiring 
connection. 
The 
ADC80MAH-12 
operates 
equally 
well 
with either 


±15V or ±12V analog power supplies, 
and also re- 


quires use of a +5V logic power supply. 
However, 


unlike 
many ADC80-type 
products, 
a +5V 
analog 
power 
supply 
is not required. 
It is packaged 
in a 
hermetic 32-pin side-brazed ceramic dual-in-line pack- 
age. 


Clock 
Inhibit 


External 


Clock 


Short 
Cycle 


Comparator 
In 


20V Range 


International 
Airport 
Industrial 
Part< 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, AI. 85734 
• 
Street Address: 
6730 S. Tucson Blvd. 
• 
Tucson, AI. 85706 


Tel: (520)746-1111 
• 
Twx: 910.952·1111 
• 
cable: 
BBRCORP 
• 
Telex: _91 
• 
FAX: (520)889-1510 
• 
Immediate Product Info: (800) 54U132 


BURR-BROW'Ne 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 
N 
ELECTRICAL 
.•.. 
I 


At TA = +25°C. ±Vcc::;: 12V or 15V, Voa = +5V, unless otherwise 
specified. 
J: 


ADC80MAH-12 
<C 


== 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 
0 
RESOLUTION 
12 
Bits 
CO 


INPUT 
0 


ANALOG 
C 


Voltage Ranges: Unipolar 
Oto+5.0to+10 
V 
<C 
Bipolar 
±2.5. ±5. ±10 
V 


Impedance: 
o to +5V. ±2.5V 
2.45 
2.5 
2.55 
kn 


o to +10V. ±5V 
4.9 
5 
5.1 
kn 


±10V 
9.8 
10 
10.2 
kn 


DIGITAL 
Logic Characteristics 
(Over specification 
temperature 
range) 
(/) 
V'H (Logic '1") 
2 
5.5 
V 
VIL (Logic "0") 
-0.3 
+0.8 
V 
•••• 


I'H (V'N : +2.7V) 
20 
~A 
Z 


III (V'N : +0.4V) 
-20 
~A 
W 


Convert Command 
Pulse Width(l) 
100ns 
20 
~s 
Z 
TRANSFER 
CHARACTERISTICS 
0 
ACCURACY 
a. 


Gain Errori2) 
±0.01 
±0.3 
% of FSR(3) 


== 
Offset Error(2): 
Unipolar 
±0.05 
±0.2 
% of FSR 
Bipolar 
±0.1 
±0.3 
% of FSR 
0 
Linearity Error 
±0.012 
% of FSR 
0 
Differential 
Linearity Error 
±1/2 
±314 
LSB 
Inherent Quantization 
Error 
±1/2 
LSB 
Z 


POWER SUPPLY 
SENSITIVITY 
0 
11.4V S ±Vce s 16.5V 
±0.003 
±0.009 
% of FSRi"kVce 
!::: 
+4.5V:S ±Voo.5:: 
+S.SV 
±0.002 
±0.005 
% of FSR/%Voo 


DRIFT 
(/) 
Total Accuracy. 
Bipolar(4) 
±10 
±23 
ppml"C 
:::) 
Gain 
±15 
±30 
ppml"C 
Offset: Unipolar 
±3 
ppm of FSRi"C 
a 
Bipolar 
±7 
±15 
ppm of FSRi"C 
0 
Linearity Error Drift 
±1 
±3 
ppm of FSRi"C 
<C 
Differential 
Linearity over Temperature 
Range 
±314 
LSB 


No Missing Code Temperature 
Range 
-25 
±85 
'C 
j:! 
Monotonicity 
Over Temperature 
Range 
Guaranteed 


CONVERSION 
TIME!') 
22 
25 
~s 
<c 


OUTPUT 
C 


DIGITAL 
(Bits 1-12 . Clock Out. Status. Serial Out) 
(/) 
Output Codesl') 


CC 
Parallel: Unipolar 
CSB 
Bipolar 
COB. CTC 
W 
Serial (NRZ)(7) 
CSB. COB 
•••• 
Logic Levels: Logic 0 (IS1NK 
S 3.2mA) 
+0.4 
V 
CC 
Logic 1 (ISOURCES 80~A) 
+2.4 
V 
W 
Internal Clock Frequency 
520 
kHz 
> 
INTERNAL 
REFERENCE 
VOLTAGE 
Z 
Voltage 
+6.20 
+6.3 
+6.40 
V 


Source Current Available for External Loads(8l 
200 
~A 
0 
Temperature 
Coefficient 
±10 
±30 
ppm/'C 
0 
C« 


The information 
provided 
herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 
no re$pon$ibi/ity 
for the use of Ihi$ information, 
and all u.se of .such information 
shall 
be entirely 
at the u.ser'.s own 
ri.sk. Prices 
and specifications 
are subject 


to change without 
notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR· BROWN product for use in life support devices and/or systems. 


BURR-BROWNe 
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Signal Products 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 
(CONT) 


ELECTRICAL 


ADC80MAH·12 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
REQUIREMENTS 
Rated Supply Voltages 
+5, ±12 or ±15 
V 
Supply Ranges: tVee 
±11.4 
+16.5 
V 
Voo 
+4.5 
+5.5 
V 
Supply Drain: +Iee (+Vee = 15V) 
8.5 
11 
mA 
-Ice 
(-Vee 
= 15V) 
21 
24 
mA 
100 (Vee = 5V) 
30 
36 
mA 


Power Dissipation 
(tVee 
= 15V, Voo = 5V) 
593 
705 
mW 
Thermal Resistance, 
8JA 
50 
°CIW 


TEMPERATURE 
RANGE 
(Ambient) 
Specification 
-25 
+85 
°C 
Operating 
(derated specs) 
-55 
+125 
°C 
Storage 
--65 
+150 
°C 


NOTES: (1) Accurate conversion will be obtained with any convert command pulse width of greater than lOOns; 
however, it must be limited to 201JS (max) to assure 
the specified conversion 
time. (2) Gain and offset errors are adjustable to zero. See "Optional External Gain and Offset Adjustmenr 
section. (3) FSR means Full· 


Scale Range and is 20V for ±10V range, 1QV for ±5V and 0 to +10V ranges, etc. (4) Includes drift due to linearity, gain, and offset drifts. (5) Conversion 
time is 
specified using internal clock. For operation with an external clock see "Clock Options~ section. This converter may also be short-cycled 
to less than 12-bit resolution 


for shorter conversion 
time; see UShort Cycle Feature" section. (6) CSB means Complementary 
Straight Binary, COB means Complementary 
Offset Binary, and 


CTC means Complementary 
Two's Complement 
coding. See Table I for additional 
information. 
(7) NRZ means Non-Return·to-Zero 
coding. (8) External loading 
must be constant during conversion, 
and must not exceed 200~A for guaranteed 
specification. 


+Vcc to Analog Common 
0 to +16.5V 


-Vcc 
to Analog Common. 
. 
0 to -16.5V 
Voo to Digital Common 
0 to +7V 
Analog Common to Digital Common.. 
.. 
±0.5V 


Logic Inputs (Convert Command, Clock In) 


to Digital Common 
.... -Q.3V to +Vcc 


Analog Inputs (Analog In, Bipolar Offset) 


to Analog Common 
. 
. 
±16.5V 
Reference Output 
Indefinite Short to Common, 


Momentary Short to Vcc 


Lead Temperature, 
(soldering, 
10s) 
+300°C 
Maximum Junction Temperature 
... 
.. +160°C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings 


ft may 
cause permanent 
damage 
to the device. 
Exposure 
to absolute 
maximum 


conditions for extended periods may affect device reliability. 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD, Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions, Failure to observe proper handling and 
installation 
procedures can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications, 


I 


RESOLUTION 


MODEL 
(Blls) 


ADCBOMAH-12 
I 
12 


BURN·IN SCREENING 
OPTION 
I 


BURN·IN 
TEMPERATURE 


MODEL 
(160h~1) 


ADC80MAH-12-BI 
I 
12 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


ADC80MAH-12 
32-Pin Hermetic 
212 


BURR - BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
'1:11:1' 


Bit5 


Bit4 


Bit3 


Bit 2 


Bit 1 (MSB) 
NCI') 


Bit 1 (MSB) 


+5V Digital Supply 


Digital Common 


Comparator 
In 


Bipolar OHset 


R, 10V Range 


R, 20V Range 


Analog 
Common 


Gain Adjust 


Internal 


Clock -I 
1-tSD 
Status ~------------------------~L- 


1 


Bit20-~~.--~'-_"""""'''''''''''''''''''''_'''''''''' 
''''''''''''''''''''=''''''''''''''''''''='''''_'''''_~ 


I 


Bit3 -O-----~'-_ 
_ 
=.•..• 


I 


Sit4 -0---------'-_ 
_ 
_ 
_ 


: 
I 


Bit12 -O----------------------LJ:] 


SYMBOL 
PARAMETER 
TYP 
UNITS 


tco 
Clock delay from convert 
command 
153 
ns 
tcp 
Nominal clock period 
1.81 
~s 


tcw 
Nominal 
clock pulse width 
0.87 
~s 


t50 
Status 
delay from convert 
command 
186 
ns 


tR 
All bits reset delay from convert 
command 
141 
ns 


tov 
Data valid time from clock pulse high 
-15 
ns 


BURR 
- BROWN'!' 


IEilEilI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


Bit 8 


Bit 9 


Bit 10 (LSB-10 Bits) 


Bit '1 


Bit 12 (LSB-12 Bits) 


Serial Out 


-Vec 


Reference Out (+6.3V) 


Clock Out 


Status 


Short Cycle 


Clock Inhibit 


External 
Clock 


Convert 
Command 


+Vcc 


BURR-BROWN® 
1E3E31 
ADC84 
ADC85H 
ADC87H 


• 
INDUSTRY 
STANDARD 
12-BIT AID 
CONVERTERS 


• 
COMPLETE 
WITH CLOCK 
AND INPUT 
BUFFER 


• 
HIGH SPEED CONVERSION: 
10/lS (max) 


• 
REDUCED 
CHIP COUNT-HIGH 
RELIABILITY 


• 
LOWER 
POWER 
DISSIPATION: 
450MW 
(typ) 


• 
±O.012% max LINEARITY 
ERROR 


ADC84, 
ADC8SH, 
and ADC87H 
analog-to-digital 


converters utilize state-of-the-art 
IC and laser-trimmed 
thin-film 
components, 
and are packaged 
in a 32-pin 
hermetic 
side-brazed 
package. 


They are complete 
with internal reference 
and input 


buffer amplifier. 
Thin-film 
internal 
scaling 
resistors 


are provided 
for the selection of analog input signal 
ranges of±2.SV, 
±5V, ±IOV, 0 to +SV, or 0 to +IOV. 
Gain and offset errors may be externally 
trimmed to 
zero, offering initial accuracies of better than ±O.OI2% 
(±1/2LSB). 


• 
THREE 
TEMPERATURE 
RANGES: 
O°C to +70°e--ADC84 
-25°C 
to +85°C-ADC85H 
-55°C 
to +125°C-ADC87H 


• 
NO MISSING 
CODES 
OVER 
FULL 
TEMPERATURE 
RANGE 


• 
PARALLEL 
AND SERIAL 
OUTPUTS 


• 
±12V OR ±15V POWER 
SUPPLY 
OPERATION 


• 
HERMETIC 
32-PIN CERAMIC 
SIDE-BRAZED 
DIP 


The fast lOllS conversion 
speed for 12-bit resolution 
makes 
these 
ADCs 
excellent 
for a wide range 
of 
applications 
where system throughput 
sampling rates 


of 100kHz are required. In addition, they may be short 
cycled 
and the clock 
rate control 
may be used 
to 
obtain faster conversion 
speeds at lower resolutions. 


Data 
is available 
in parallel 
and serial 
form 
with 
corresponding 
clock 
and status 
signals. 
All digital 


input and output signals are CMOS/TTL-compatible. 
Power supply voltages are ±12VDC 
or ±ISVDC 
and 


+SVDC. 


BURA - BROWNe 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ADC84KG-12(1) 
ADC85H-12 
ADC87H-12 
Lt) 


PARAMETER 
MIN 
I 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
~ 
RESOLUTION 
I 
12 
Bits 
ClO 


ANALOG 
INPUTS 
I_I 
0 
Voltage Ranges: Bipolar 
±2.5, ±5, ±1 0 
V 
C 
Unipolar 
o to +5, 0 to +10 
V 
< 
Impedance (Direct Input): 0 to +5V, ±2.5V 
2.45 
2.5 
2.55 
!ill 


o to +10V, ±5V 
4.9 
5 
5.1 
!ill 
±10V 
9.8 
10 
10.2 
!ill 


Buffer Amplifier: 
Impedance 
100 
Mil 


Bias Current 
50 
nA 


Settling Time to 0.01 % 
for 20V Stepf') 
2 
~s 
(J) 
DIGITAL 
INPUTS(') 
~ 
Convert Command 
Positive pulse 50ns (min), trailing edge initiates conversion 
Z 
Logic Loading 
1 
TIL 
Load 


TRANSFER 
CHARACTERISTICS 
W 


ACCURACY 
Z 


Gain Error (4) 
±0.1 
±0.25 
% 
0 
Offset Error(4): Unipolar 
±0.05 
±0.2 
% of FSR(S) 
a. 


Bipolar 
±0.1 
±0.25 
%of 
FSR 
:E 
Linearity Errori6) 
±0.0,2 
%of 
FSR 
0 
Inherent Quantization 
Error 
±0.5 
LSB 
Differential Linearity Error 
±0.5 
LSB 
0 
No Missing Codes Temperature 
Range 
0 
+70 
-25 
+85 
-55 
+125 
"C 


POWER SUPPLY SENSITIVITY 
Z 


Gain and Offset: ±15V 
±0.004 
O1oof FSRJOJoVs 
0 
+5V 
±O.OOl 
%01 FSRJO/OVs 
t= 
DRIFT 


Cii 
Gain 
±30 
±15 
±15 
ppml"C 
Offset: Unipolar 
±3 
±3 
±5 
ppm of FSR?C 
::J 
Bipolar 
±15 
±7 
±10 
ppm of FSR?C 


Linearity 
±3 
±2 
±2 
ppm of FSR?C 
0 
Monotonicity 
Guaranteed 
0 
CONVERSION 
TIME 
10 
~s 
< 
DIGITAL OUTPUT(') 
;! 
(All Modes Complementary) 
Parallel Oulput Codes: Unipolar 
CSB 
Bipolar 
COB, CTC 
<t 
Output Drive 
2 
TIL 
Loads 
C 


Serial Data Codes (NRZ) 
CSB, COB 
en 
Output Drive 
2 
.. 
TIL 
Loads 


Status 
Logic -1- During Conversion 
a: 
Output 
Drive 
2 
TILLoads 


Internal Clock: Output Drive 
2 
TIL 
Loads 
W 
Frequency(7) 
1.35 
MHz 
~ 


INTERNAL 
REFERENCE 
VOLTAGE 
a: 
Reference Output 
+6.2 
+S.3 
+S.4 
V 
W 
Max. External Current with No Degradation 
200 
~ 
> 
Tempco of Drift 
±20 
±5 
±10 
±5 
±10 
ppml"C 
Z 
POWER SUPPLY 
REQUIREMENTS 
0 
Rated Supply Voilages 
+5, ±12 or ±15 
V 


Supply Ranges: Voo 
+4.75 
+5.25 
V 
0 
±Vec 
±11.4 
±1S.5 
V 
C 
Supply Drain: +Iee 
20 
mA 
« 
-Ice 
25 
mA 


100 
10 
mA 


Total Power Dissipation 
450 
725 
mW 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
-25 
+85 
-55 
+125 
"C 
Operating (with Derated Specs) 
-25 
+85 
-55 
+125 
"C 


Storage 
-65 
+150 
"C 


·Specification 
is the same as ADC84KG·12. 


NOTES: (1) Model ADC84KG-10 
is the same as model ADC84KG-12 
except for the following: 
(a) Resolution: 
10 bits (max), (b) Linearity Error: ±0.048% 
01 FSR 


(max), (c) Conversion Time: S~ 
(max), (d) Internal Clock Frequency: 
1.9MHz (typ). (2) If the buffer is used, delay Convert Command until amplifier settles. (3) DTU 


TIL 
compatible. 
For digital inputs Logic ·0· = 0.8V (max) and Logic .,. = 2.OV (min). For digifal outputs Logic ·0· = 0.4V (max) and Logic .,. 
= 2.4V (min). (4) 


Adjustable 
to zero. (5) FSR means Full Scale Range. (6) The error shown is the same as ±1I2LSB 
max linearity error in % of FSR. (7) Internal clock is externally 


adjustable. 
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R220V Range 


R,10V 
Range 


Bipolar Oftset 


Bit 1 (MSB) 


Bit1 (MSB) 


RESOLUTION 
TEMPERATURE 


MODEL 
(Bits) 
RANGE 


ADC84KG-10 
10 
O°C to +70°C 
ADC84KG-12 
12 
O°C to +70°C 
ADC85H-12 
12 
-25°C 
to +85°C 
ADC87H-12 
12 
-55°C 
to +125°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


ADC84KG-10 
Case Ceramic 
DIP 
172-5 
ADC84KG-12 
Case Ceramic 
DIP 
172-5 


ADC85H-12 
32-Pin Side-brazed 
172-5 


ADC87H-12 
32-Pin Side-brazed 
172-5 


The 
information 
provided 
herein 
is believed 
to be 
reliable; 
however. 
BURR-BROWN 
assumes 
no 
responGibility 
for 
inaccuracies 
or 
omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. 
BURR·BROWN 
does not 
authorize 
or warrant 
any BURR·8ROWN 
product for use in life support devices 
and/or systems. 
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LSB 


Serial(3) 


Data Out 


~ 
::::::::J 
:::::::::::1LJ"1" 
::::::::] 
Lj"1" 


:::::::::J 
~I "0_" 
~r- 


::::::::] 
\"0" 
r- 
::::::::] 
LJ-""-' -------- 
::::::::] 
Lj"1" 


::::::::] 
Lj"1" 


::::::::] 
_I 
"0_" 
~~ 


:::::::::::-1 ---------~LJ~"l-" 
---- 
:==J~-----------LJ~;1'-' 
--- 


~ 
_I 
__ 
"O"r- 
:::::::::::r~:~~--2---3-4 
5 '--6-~-7-~-8---'W--10---11-~' 
"0""1""1""0""0""1""1" "1""0""1" "1" "0" 
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Microprocessor-Compatible 
ANALOG-TO-DIGITAL 
CONVERTER 


• 
COMPLETE 
12-BIT AID CONVERTER 
WITH 
REFERENCE, 
CLOCK, 
AND 8-, 12-, or 16- 
BIT MICROPROCESSOR 
BUS INTERFACE 


• 
IMPROVED 
PERFORMANCE 
SECOND 
SOURCE 
FOR 574A-TYPE 
AID 


CONVERTERS 
Conversion 
Time: 
25JlS max 


Bus Access 
Time: 
150ns max 
Ao Input: 
Bus Contention 
During 
Read 
Operation 
Eliminated 


• 
DUAL IN-LINE 
PLASTIC, 
PLCC 
AND 
HERMETIC 
CERAMIC 


• 
FULLY SPECIFIED 
FOR OPERATION 
ON 


±12V OR ±15V SUPPLIES 


• 
NO MISSING CODES OVER 
TEMPERATURE: 
O°C to +75°C: ADC574AJ 
and K Grades 


-55°C 
to +125°C: 
ADC574ASH, 
TH 


The ADC574A 
is a 12-bit successive 
approximation 


analog-to-digital 
converter, 
utilizing 
state-of-the-art 
CMOS and laser-trimmed 
bipolar die custom-designed 


Control 
} 
Inputs 


for freedom from latch-up and for optimum 
AC per- 


formance. 
It is complete 
with a self-contained 
+ lOV 
reference, internal clock, digital interface for micropro- 
cessor control, and three-state outputs. 


The reference circuit, containing a buried zener, is laser- 
trimmed 
for minimum 
temperature 
coefficient. 
The 
clock oscillator is current-controlled 
for excellent sta- 
bility over temperature. Full-scale and offset errors may 
be externally trimmed to zero. Internal scaling resistors 
are provided 
for the selection 
of analog input signal 
ranges ofOV to +10V, OV to +20V, ±5V, and ±lOV. 


The converter may be externally 
programmed 
to pro- 


vide 8- or 12-bit resolution. The conversion time for 12 
bits is factory set for 251lS maximum. 


Output data are available in a parallel format from TTL- 
compatible 
three-state 
output buffers. Output data are 
coded in straight binary for unipolar input signals and 
bipolar offset binary for bipolar input signals. 


The ADC574A, available in both industrial and military 
temperature 
ranges, requires 
supply voltages 
of +5V 
and ±12V or ±15V. It is packaged 
in a 28-pin plastic 
DIP, and a hermetic side-brazed 
ceramic DIP. 


Control Logic 


Status 


l" 
~ 
'" 
Parallel 
i 
Data 


12·BitD/A 
•• 
Output 


i!? 
Converter 
.c>- 
-i 
10V 
Reference 


Bipolar 
Offset 


20V Range 


Reference 
Input 
Reference 
0-------- 
Output 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


At TA = +25°C, Vec = +12V or +15V, VEE= -12V 
or -15V, 
and VLOG1C = +SV unless otherwise specified. 


ADC574AJP, 
JH, SH 
ADC574AKP, 
KH, TH 
<C 
~ 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNITS 
•••••• 


RESOLUTION 
12 
Bits 
Lt)0 
INPUTS 
C 
ANALOG 
<C 


Voltage Ranges: Unipolar 
Oto +10, 0 to +20 
V 


Bipolar 
±5,±10 
V 


Impedance: 
0 to +1 OV, ±5V 
4.7 
5 
5.3 
kn 
±10V, OV to +20V 
9.4 
10 
10.6 
kn 


DIGITAL 
(CE, CS, R/C, Ao, 1218) 
Over Temperature 
Range 
en 
Voltages: Logic 1 
+2 
+5.5 
V 


L09ic 0 
-0.5 
+0.8 
V 
I- 


Current 
-5 
0.1 
+5 
~A 
Z 


Capacitance 
5 
pF 
W 
TRANSFER 
CHARACTERISTICS 
Z 


ACCURACY 
0 


At +25°C 
a. 


Linearity Error 
±1 
±1/2 
LSB 
~ 
Unipolar Offset Error (Adjustable to Zero) 
±2 
LSB 
Bipolar Offset Error (Adjustable to Zero) 
±10 
±4 
LSB 
0 
Full-Scale Calibration 
Errori1} 
0 
(Adjustable to Zero) 
±0.25 
%ofFS(2) 


No Missing Codes Resolution (Ditt. Linearity) 
11 
12 
Bits 
Z 
Inherent Quantization 
Error 
±112 
LSB 
0 
T MINto 
T MAX 


Linearity Error: J, K Grades 
±1 
±1/2 
LSB 
i= 


S, T Grades 
±1 
±3/4 
LSB 
Cii 
Full-Scale Calibration Error 


Without Initial Adjustment{l): 
J, K Grades 
±0.47 
±0.37 
%oIFS 
- 


S, T Grades 
±O.75 
±O.5 
%oIFS 
::::) 


Adjusted to Zero at +25°C: J, K Grades 
±O.22 
±0.12 
%ofFS 
0 


5, TGrades 
±0.5 
±0.25 
%ofFS 
0 


No Missing Codes Resolution (Diff. Linearity) 
11 
12 
Bits 
« 
TEMPERATURE 
COEFFICIENTS 
(T MI. to TMAX)(') 
t! 
Unipolar Offset 
J, K Grades 
±10 
±5 
ppm/oC 


S, TGrades 
±5 
±2.5 
ppm/oC 


Max Change; AUGrades 
±2 
±1 
LSB 
« 
Bipolar Offset: All Grades 
±10 
±5 
ppm/oC 
C 


Max Change: J, K Grades 
±2 
±1 
LSB 


S, TGrades 
±4 
±2 
LSB 
en 
Full-Scale Calibration: J, K Grades 
±45 
±25 
ppml°C 
a:: 
S, TGrades 
±50 
±25 
ppm/oC 
Max Change: J, K Grades 
±9 
±5 
LSB 
W 


S, TGrades 
±20 
±10 
LSB 
I- 


POWER SUPPLY SENSITIVITY 
a:: 


Change in Full-Scale Calibration 
W 


+13.5V < Vcc < +16.5V or +11.4V < Vcc < + 12.6V 
±2 
±1 
LSB 
> 
-16.5V < Vee < -13.5V or -12.6V < Vee < -11.4V 
±2 
±1 
LSB 
Z 
+4.5V 
< VLOG1C 
< +S.5V 
±1/2 
LSB 
0 
CONVERSION 
TIME 
(4) 
8-Bit Cycle 
10 
13 
17 
~s 
0 


12-Bit Cycle 
15 
20 
25 
~s 
C 
OUTPUTS 
« 
DIGITAL 
(OB,,-OBo, 
STATUS) 
(Over Temperature 
Range) 
Output Codes: Unipolar 
Unipolar Straight Binary (USB) 
Bipolar 
Bipolar Offset Binary (BOB) 
Logic Levels: Logic 0 (ISINK = 1.6mA) 
+0.4 
V 


Logic 1 (ISOUACE: 500fJA) 
+2.4 
V 


Leakage, Data Bits Only, High -Z State 
-5 
0.1 
fJA 
Capacitance 
5 
pF 
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ADC574AJP, 
JH, SH 
ADC574AKP, 
KH, TH 


PARAMETERS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INTERNAL 
REFERENCE 
VOLTAGE 


Voltage 
+9.9 
+10.0 
+10.1 
V 
Source Current Available for External Loads(51 
2.0 
mA 


POWER SUPPLY 
REQUIREMENTS 


Voltage: Vcc 
+11.4 
+16.5 
V 


Vf£ 
-11.4 
-16.5 
V 
VLOG1C 
+4.5 
+5.5 
V 


Current: Ice 
3.5 
5 
mA 


lEE 
15 
20 
mA 


ILOG1C 
9 
15 
mA 
Power Dissipation 
(±15V Supplies) 
325 
450 
mW 


TEMPERATURE 
RANGE 
(Ambient: TMIN' 
T MAX 
) 


Specifications: 
J, K Grades 
0 
+75 
'C 
S, T Grades 
-55 
+125 
'C 
Storage 
-65 
+150 
'C 


• Same specifications 
as ADC574AJP, 
AJH, ASH. 


NOTES: (1) With fixed son 
resistor from REF OUT to REF IN. This parameter 
is also adjustable 
to zero at ±25°C (see Optional 
External Full Scale and Offset 


Adjustments 
section). (2) FS in this specification 
table means Full Scale Range. That is, for a ±1 OV input range, FS means 20V; for a 0 to +1OV range. FS means 
10V. The term Full8cale 
for these specifications 
instead of Full·8cale 
Range is used to be consistent with other vendors' 574 and 574A type specifications 
tables. 
(3) Using internal reference. (4) See Controlling the ADC574A section for detailed information concerning digital timing. (5) External loading must be constant during 
conversion. 
The reference output requires no buffer amplifier with either ±12V or ±15V power supplies. 


Status 


DB11 (MSB) 


.-: 
DB10 
" 
:is 
DB9 
.Q 
~ 
Z 


C 
DBB 


* 


0u 
DB7 
'", 
-g 
" 
a: 
12 Bits 
'" 
III 
c: 
I!? 
DB6 
.2 
" 
" 
1ii 
'S 
:is 
.Q 
DB5 
E 
III 
Z 
'x 
i 
e 
DB4 
0. 
0..-: 
d> 
~ 
~ 
DB3 


.~ 


t- 
U 
" 


DB2 
:is 
.Q 


en 
Z 
DB' 


DBO (LSB) 


15 
Digital Common 


+5VDC Supply (VLood 


12/8 


VEE 


Bipolar Offset 


10V Range 


20V Range 
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Bum-in 
screening 
is available for both plastic and ceramic 


package 
ADC574s. 
Bum-in 
duration 
is 160 hours 
at the 


temperature 
(or equivalent 
combination 
of time and tem- 
perature) 
indicated below: 


Plastic "-BI" 
models: +85°C 
Ceramic "-BI" 
models: +125°C 


All units are 
I()()% 
electrically 
tested after bum-in 
is com- 
pleted. 
To order 
bum-in, 
add "-BI" 
to the base 
model 
number (e.g., ADC574AKP-BI). 


Vcc to Digital Common 
ov to +16.5V 
VEE to Digital Common.. 
. 
OV to -1 6.5V 


VLCXiIC 
Digital Common 
OV to +7V 
Analog Common 
to Digital Common 
±lV 
Control Inputs (CE, CS, Ao, 12/8, RIG) 


to Digital Common 
. 


Analog Inputs (Ret In, Bipolar Offset, 10V,N ) 
to Analog Common. 
. 
±16.5V 
20V1N to Analog Common. 
.. ±24V 


Ret Out 
Indefinite Short to Common, 


Momentary 
Short to Vcc 


Max Junction Temperature 
+165°C 
Power Dissipation 
. 
1000mW 
Lead Temperature 
(soldering,10s). 
.. 
+300"C 
Thermal 
Resistance, 
8JA: Ceramic 
SOOCNJ 
Plastic 
100°CNJ 


LINEARITY 


TEMPERATURE 
ERROR MAX 


MODEL 
PACKAGE 
RANGE 
(TMINTOTMAX) 


ADC574AJP 
Plastic DIP 
O°C to +75°C 
±1LSB 


ADC574AKP 
Plastic DIP 
O°C to +75°C 
±1/2LSB 
ADC574AJH 
Ceramic 
DIP 
COCto +75°C 
±1LSB 


ADC574AKH 
Ceramic 
DIP 
O°C to +7SoC 
±1/2LSB 
ADC574ASH 
Ceramic 
DIP 
-55°C 
to +125°C 
±1LSB 


ADC574ATH 
Ceramic 
DIP 
-55°C 
to +125°C 
±3/4LSB 


BURN·IN 
SCREENING 
OPTION 
See text for details. 


TEMPERATURE 
BURN·IN TEMP 


MODEL 
PACKAGE 
RANGE 
(160 Hours) 


ADC574AJP-BI 
Plastic DIP 
COCto +75°C 
+85°C 
ADC574AKP-BI 
Plastic DIP 
O°C to +75°C 
+85°C 
ADC574AJH-BI 
Ceramic 
DIP 
COCto +75°C 
+125°C 
ADC574AKH-BI 
Ceramic 
DIP 
COCto +75°C 
+125°C 
ADC574ASH-BI 
Ceramic 
DIP 
-55°C 
to + 125°C 
+125°C 
ADC574ATH·BI 
Ceramic 
DIP 
-55°C 
to +125°C 
+125°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


ADC574AJP 
Plastic DIP 
215 
ADC574AKP 
Plastic DIP 
215 
ADC574AJH 
Ceramic 
DIP 
149 
ADC574AKH 
Ceramic 
DIP 
149 
ADC574ASH 
Ceramic 
DIP 
149 
ADC574ATH 
Ceramic 
DIP 
149 


The information provided herein is believed to be reliable; however. BURR-BROWN 
assumes no responsibility for inaccuracies 
or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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For Immediate Assistance, Contact YourLocal Salesperson 


DISCUSSION OF 
SPECIFICATIONS 


Linearity 
error is defined 
as the deviation 
of actual code 
transition 
values 
from 
the 
ideal 
transition 
values. 
Ideal 


transition values lie on a line drawn through zero (or minus 
full scale for bipolar operation) and plus full scale. The zero 
value is located at an analog input value 1/2LSB before the 
first code transition 
(OOOHto OOIH)' The full-scale 
value is 
located 
at an analog 
value 3/2LSB 
beyond 
the last code 
transition 
(FFEH to FFFH) (see Figure I). 


FFFH 


FFEH 


FFDH 


802H 
S.e- 
801H 
a 
BOOH 


~ 
7FFH 
~~~t 
: 


o 
7FE 
Shifts 
/ 
I: 


H LZTheLine 
_ 
: I 
002H 
,. 
:: 
001 
(Bipolar 
I I 
Midscale 
H 
/ 
Offset 
---I 
:_ 
(Bipolar 
oaoH 
,. 
Transaction): 
I 
Zero) 


1 
I 
I 
I: 
-11-) 
-11- 


1/2~;,~ 
~~~II.Scale 
112LSB 


(-Full Scale) 
Calibration 
Transition) 
Analog Input 


3/2LSB1- -I +Full 
+Full-Scale 
Scale 


Calibration 
Transition 


Thus, for a converter 
connected 
for biopolar operation 
and 


with a full-scale 
range (or span) of 20V (±JOV), the zero 
value of -JOV 
is 2.44mV 
below the first code transition 


(OOOHto OOIHat -9.99756V) 
and the plus full-scale value of 


+JOV is 7.32mV 
above the last code transition 
(FFEH to 
FFFH at +9.99268) 
(see Table I). 


NO MISSING 
CODES 
(DIFFERENTIAL 
LINEARITY 
ERROR) 


A specification 
which guarantees 
no missing codes requires 
that every code combination 
to appear in a monotonically- 


increasing sequence as the analog input is increased through- 


out the range. Thus, every input code width (quantum) must 
have a finite width. If an input quantum has a value of zero 
(a differential 
linearity error of -I LSB), a missing code will 


occur. 


ADC574AKP, 
KN, KH and TH grades are guaranteed 
to 


have no missing codes to 12-bit resolution 
over their re- 
spective specification 
temperature 
ranges. 


UNIPOLAR 
OFFSET 
ERROR 


An ADC574A 
connected 
for unipolar 
operation 
has an 
analog input range of OV to plus full scale. The flrst output 
code transition 
should occur at an analog input value 
1/2 


LSB 
above 
OV. Unipolar 
offset 
error 
is defined 
as the 


deviation of the actual transition value from the ideal value. 
The unipolar 
offset temperature 
coefficient 
specifies 
the 
change of this transition 
value versus a change in ambient 


temperature. 


BIPOLAR 
OFFSET 
ERROR 


AID converter specifications 
have historically defined bipo- 
lar offset as the fITst transition value above the minus full- 
scale value. The ADC574A specification, 
however, follows 


the terminology 
defined for the 574 converter several years 
ago. Thus, bipolar offset is located near the midscale value 
of OV (bipolar zero) at the output code transition 
7FFH to 
800H· 


Bipolar 
offset error for the ADC574A 
is defined 
as the 


deviation 
of the 
actual 
transition 
value 
from 
the 
ideal 


transition 
value 
located 
1/2LSB below 
OV. The bipolar 


offset temperature coefficient specifies the maximum change 
of the code transition 
value versus 
a change 
in ambient 
temperature. 


FULL SCALE 
CALIBRATION 
ERROR 


The last output transition 
(FFEH to FFFH) occurs 
for an 
analog 
input value 3/2LSB 
below the nominal 
full-scale 
value. The full-scale calibration error is the deviation of the 
actual analog value at the last transition point from the ideal 
value. 
The 
full-scale 
calibration 
temperature 
coefficient 
specifies the maximum change of the code transition 
value 
versus a change in ambient temperature. 


POWER 
SUPPLY 
SENSITIVITY 


Electrical 
specifications 
for the 
ADC574A 
assume 
the 
application 
of the rated power supply voltages of +5V and 


±12V or ±15V. The major effect of power supply voltage 


BINARY 
(BIN) OUTPUT 
INPUT VOLTAGE 
RANGE AND LSB VALUES 


Analog 
Input 
Voltage 
Range 
Defined as: 
±lOV 
±5V 
010 +10V 
o to +20V 


One Least Significant 
Bit (LSB) 
FSR 
20V 
10V 
10V 
20V 
2" 
2" 
2" 
2" 
2" 


n:8 
78.13mV 
39.06mV 
39.06mV 
78.13mV 


n ::12 
4.88mV 
2.44mV 
2.44mV 
4.88mV 
Output Transition 
Values 


FFEH 
to FFFH 
+FuU-Scale Calibration 
+IOV - 3/2LSB 
+5 - 3/2LSB 
+1OV - 3/2LSB 
+I OV - 3/2LSB 
7FFH to 800H 
Midscale Calibration 
(Bipolar Offset) 
0- 
1/2LSB 
o -1/2LSB 
+5V - 
1/2LSB 
±10V -1/2LSB 
.. 
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deviations from the rated values will be a small change in the 
full-scale calibration value. This change, of course, results in 
a 
proportional 
change in all code transition 
values (i.e., a 
gain error). The specification describes the maximum change 
in the full-scale calibration value from the initial value for a 
change in each power supply voltage. 


The temperature coefficients for full-scale calibration, unipo- 
lar offset and bipolar 
offset specify the maximum 
change 
from the +2SoC value to the value at TMIN or TMAx. 


QUANTIZATION 
UNCERTAINTY 


Analog-to-digital 
converters 
have an inherent quantization 
error of ±1/2LSB. This error is a fundamental property of the 
quantization 
process and cannot be eliminated. 


CODE WIDTH 
(QUANTUM) 


Code width, or quantum, 
is defined as the range of analog 
input values for which a given output code will occur. The 
ideal code width is ILSB. 


LAYOUT 
PRECAUTIONS 


Analog (pin 9) and digital (pin 15) commons 
are not con- 
nected together 
internally 
in the ADCS74A, 
but should be 
connected 
together as close to the unit as possible and to an 
analog common ground plane beneath the converter on the 
component 
side of the board. In addition, a wide conductor 


pattern should run directly from pin 9 to the analog supply 
common, and a separate wide conductor pattern from pin 15 
to the digital 
supply 
common. 
Analog 
common 
(pin 9) 


typically carries +8mA. 


If the single-point 
system 
common 
cannot be established 
directly 
at the 
converter, 
pin 
9 and 
15 should 
still be 
connected together at the converter; a single wide conductor 
pattern then connects these two pins to the system common. 
In either case, the common return of the analog input signal 
should be referenced to pin 9 of the ADC. This prevents any 
voltage drops that might occur in the power supply common 
returns from appearing 
in series with the input signal. 


Coupling 
between analog input and digital lines should be 
minimized 
by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected 
to common. 


If external full scale and offset potentiometers 
are used, the 
potentiometers 
and associated resistors should be located as 
close to the ADCS74A 
as possible. 
If no trim adjustments 
are used, the fixed resistors should likewise be as close as 
possible. 


POWER 
SUPPLY 
DECOUPLING 


Logic and analog power supplies should be bypassed 
with 
lOW tantalum-type 
capacitors located close to the converter 


to obtain noise-free 
operation. 
Noise on the power supply 


lines can degrade 
the converter's 
performance. 
Noise and 


spikes 
from 
a switching 
power 
supply 
are 
especially 
troublesome. 


The signal source supplying 
the analog input signal to the 
ADCS74A will be driving into a nominal DC input imped- 
ance of either Sill 
or 10kn. However, the output impedance 
of the driving source should be very low, such as the output 
impedance provided by a wideband, fast-settling operational 
amplifier. Transients 
in AID input current are caused by the" 


changes in output current of the internal D/A converter asit..- 
tests the various 
bits. The output 
voltage 
of the driving 


source 
must remain 
constant 
while 
furnishing 
these 
fast 
current changes. 
If the application 
requires 
a sample/hold, 


select a sample/hold 
with sufficient 
bandwidth 
to preserve 


the accuracy or use a separate wideband 
buffer amplifier to 


lower the output impedance. 


RANGE 
CONNECTIONS 


The ADCS74A 
offers 
four standard 
input ranges: 
OV to 


+tOV, OV to +20V, ±SV, and ±IOV. If a tOV input range is 
required, the analog input signal should be connected 
to pin 


13 of the converter. 
A signal 
requiring 
a 20V range 
is 


connected 
to pin 14. In either case the other pin of the two 
is left unconnected. 
Full-scale 
and offset adjustments 
are 
described below. 


To operate 
the converter 
with a 1O.24V (2.SmV LSB) or 
20.48V (SmV LSB) input range, insert a 120n, 
1% metal- 
film resistor in series with pin 13 for the 1O.24V range, or a 
240n, 
I% metal-film 
resistor in series with pin 14 for the 
20.48V 
range. Offset and gain 
adjustments 
are still per- 
formed as described below. However, 
you must recalculate 
full-scale adjustment voltages proportionately. 
A fixed metal- 
film resistor can be used because the input impedance of the 
ADCS74A 
is trimmed 
to less than ±6% of the nominal 
value. 


OPTIONAL 
EXTERNAL 
FULL-SCALE 
AND OFFSET 
ADJUSTMENTS 


Offset and full-scale 
errors may be trimmed 
to zero using 
external offset and full-scale trim potentiometers 
connected 


to the ADCS74A 
as shown in Figures 2 and 3 for unipolar 
and bipolar operation. 


CALIBRATION 
PROCEDURE- 
UNIPOLAR 
RANGES 


If adjustment of unipolar offset and full scale is not required, 
replace R2 with a son, 
I% metal-film 
resistor and connect 
pin 12 to pin 9, omitting the adjustment 
network. 


If adjustment 
is required, connect the converter as shown in 
Figure 2. Sweep the input through the end-point 
transition 
voltage 
(OY + l/2LSB; 
+ 1.22mY for th" lOY range, +2.44mY 
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A, J 
100kil 


100kil 


-Vcc 


for the 20V range) that causes the output code to be DBO ON 
(high). 
Adjust 
potentiometer 
R, until 
DBO is alternately 
toggling ON and OFF with all other bits OFF. Then adjust 
full scale by applying an input voltage of nominal full-scale 
value minus 3/2LSB, the value which should cause all bits 
to be ON. This value is +9.9963V 
for the JOV range and 


+ 19.9927V for the 20V range. Adjust potentiometer 
Rz until 


bits DB I-DB II are ON and DBO is toggling ON and OFF. 


CALIBRATION 
PROCEDURE-BIPOLAR 
RANGES 


If external 
adjustments 
of full-scale 
and bipolar offset are 
not required, 
the potentiometers 
may be replaced 
by 50n, 


I% metal-film 
resistors. 


If adjustments 
are required, connect the converter as shown 
in Figure 
3. The calibration 
procedure 
is similar 
to that 
described above for unipolar operation, except that the offset 
adjustment 
is performed 
with an input voltage 
which 
is 


I/2LSB above the minus full-scale value (--4.9988V for the 
±5V range, -9.9976V 
for the ±IOV range). Adjust R, for 


Bipolar 
Offset 
Adjust 


DBO to toggle ON and OFF with all other bits OFF. To 
adjust 
full-scale, 
apply a DC input signal which is 3/2LSB 
below the nominal plus full-scale value (+4.9963V 
for ±5V 


range, +9.9927V for ±JOV range) and adjust Rz for DBO to 
toggle ON and OFF with all other bits ON. 


The Burr-Brown 
ADC574A can be easily interfaced to most 
microprocessor 
systems and other digital systems. The mi- 


croprocessor 
may take full control of each conversion, 
or the 
converter 
may operate 
in a stand-alone 
mode, 
controlled 
only by the R/C input. Full control consists of selecting an 
8- or 12-bit conversion 
cycle, initiating the conversion, 
and 
reading the output data when ready-<:hoosing 
either 12 bits 


all at once, or 8 bits followed 
by 4 bits in a left-justified 
format. The five control inputs (12/8, CS, Ao, R/C, and CE) 
are all TTL/CMOS-compatible. 
The functions of the control 
inputs are described 
in Table II. The control function truth 
table is listed in Table III. 


PIN 
DESIGNATION 
DEFINITION 
FUNCTION 


CE (Pin 6) 
Chip Enable 
Must be high ("1~)to either initiate a conversion or read output data. 0-1 edge may be used to initiate a conversion. 
(active high) 


CS (Pin 3) 
Chip Select 
Must be low ("O") to either initiate a conversion or read output data. 1-0 edge may be used to initiate a conversion. 
(active low) 


RlC(Pin 5) 
Read/Convert 
Must be low ("01 to initiate either 8- or 12·bit conversions. 
1-0 edge may be used to initiate a conversion. 
("1": 
read) 
Must be high ("1") to read output data. 0-1 edge may be used to initiate a read operation. 
("0" = convert) 


Ac (Pin 4) 
Byte Address 
In the start-convert 
mode, Ac selects a-bit (Ac = "1") or 12-bit (Ac = "0") conversion 
mode. When reading output data 


Short Cycle 
in two a-bit bytes, Ac = "0" accesses 8 MSBs (high byte) and Ac = "1" accesses 4 LSBs and trailing "Os" (low byte). 


12/8 (Pin 2) 
Data Mode Select 
When reading output data, 12/8 = "1" enables all 12 output bits simultaneously. 
12/8::: "0" will enable the MSBs 
(·f~_ 12 bits) 
or LSBs as determined 
by the Ao line. 


("0" = 8 bits) 
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0 
X 
X 
X 
X 
None 
X 
1 
X 
X 
X 
None 
t 
0 
0 
X 
0 
Initiate 12-bit conversion 


t 
0 
0 
X 
1 
Initiate 8·bit conversion 


1 
~ 
0 
X 
0 
Initiate 12-bit conversion 


1 
~ 
0 
X 
1 
Initiate 8·bit conversion 
1 
0 
~ 
X 
0 
Initiate 12-bit conversion 


1 
0 
~ 
X 
1 
Initiate 8-bit conversion 


1 
0 
1 
1 
X 
Enable 12-bit output 
1 
0 
1 
0 
0 
Enable 8 MSBs only 
1 
0 
1 
0 
1 
Enable 4 LSBs plus 


4 trailing zeros 


For stand-alone operation, control of the converter is accom- 
plished by a single control 
line connected 
to Ric. In this 


mode CS and Ao are connected 
to digital common and CE 
and 12/8 are connected to VLOGIC(+SV). The output data are 
presented as 12-bit words. The stand-alone 
mode is used in 


systems 
containing 
dedicated 
input 
ports 
which 
do not 
require full bus interface capability. 


Conversion 
is initiated by a high-to-low 
transition 
of R/C. 
The three-state 
data output buffers are enabled when R/C is 
high and STATUS 
is low. Thus, 
there are two possible 


modes of operation; 
conversion 
can be initiated with either 


positive or negative pulses. In either case the R/C pulse must 
remain low for a minimum 
of SOns. 


Figure 4 illustrates timing when conversion is initiated by an 
R/C pulse 
which goes low and returns 
to the high state 
during the conversion. 
In this case, the three-state 
outputs 


go to the high-impedance 
state in response 
to the falling 
edge of R/C and are enabled for external access of the data 
after completion 
of the conversion. 
Figure S illustrates 
the 
timing when conversion 
is initiated by a positive R/C pulse. 
In this mode the output data from the previous conversion 
is 


enabled during the positive portion of R/C. A new conver- 
sion is started on the falling edge of R/C, and the three-state 
outputs 
return 
to the high-impedance 
state until the next 


occurrence 
of a high 
R/C 
pulse. 
Table 
IV lists timing 
specifications 
for stand-alone 
operation. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


tHRL 
Low RIG Pulse Width 
50 
ns 


tos 
STS Delay from RIG 
200 
ns 
tHOR 
Data Valid After Rie Low 
25 
ns 


4.s 
STS Delay After Data Valid 
300 
400 
1000 
ns 


tHRH 
High RlC Pulse Width 
150 
ns 


tOCA 
Data Access Time 
150 
ns 


FULLY 
CONTROLLED 
OPERATION 


Conversion 
Length 


Conversion 
length (8-bit or 12-bit) is determined by the state 
of the Ao input, which is latched upon receipt of a conver- 
sion start transition (described below). 
Tf Ao i< latched high, 
the conversion 
continues 
for 8 bits. The full 12-bit conver- 
sion will occur if Ao is low. If all 12 bits are read following 


---~-/ 
'-- 
---- 
Ie ----.. 


-.. 
tHS 


(Data 
Valid 


____ 
-~ 
tHDA 


DB11-DBO 
Data valid) 


FIGURE 4. R/CPulse 
Low-outputs 
Enabled 
After Con-" 


verSiOn. 
•• 


---~/ 
--'- 
-Ie 
tOCA _ 
t 
HDR 


DBll- 
~ 
High-ZState 


DBO~ 


FIGURE 
S. R/C Pulse High-outputs 
Enabled Only While 


R/C Is High. 


an 8-bit conversion, 
the 3LSBs 
(DBO-DB2) 
will be low 
(logic 0) 
and DB3 will be high (logic 
I). Ao is latched 


because it is also involved in enabling the output buffers. No 
other control inputs are latched. 


The converter 
is commanded 
to initiate a conversion 
by a 
transition 
occurring 
on any of three logic inputs (CE, CS, 
and R/C) as shown in Table ill. Conversion 
is initiated by 
the last of the three to reach the required state and thus all 
three may be dynamically 
controlled. 
If necessary, 
all three 


may change 
states simultaneously, 
and the nominal 
delay 
time is the same regardless 
of which input actually 
starts 
conversion. If it is desired that a particular input establish the 
actual start of conversion, 
the other two should be stable a 
minimum of SOns prior to the transition of that input. Timing 
relationships 
for start of conversion 
timing are illustrated in 


Figure 
6. The specifications 
for timing 
are contained 
in 


Table V. 


The STATUS output indicates the current state of the con- 
verter 
by being 
in a high state only during 
conversion. 


During this time the three state output buffers remain in a 
high-impedance 
state, and therefore 
data cannot 
be read 
during conversion. 
During this period additional 
transitions 
of the three digital inputs which control conversion 
will be 
ignored, 
so that conversion 
cannot be prematurely 
termi- 


nated or restarted. 
However, 
if Ao changes 
state after the 


beginning 
of conversion, 
any additional 
start conversion 
transition 
will latch the new state of Au, possibly resulting 
in an incorrect conversion 
length (8 bits vs 12 bits) for that 
conversion. 
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SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


Convert Mode 


tose 
STS Delay from CE 
60 
200 
ns 


tHEe 
CE Pulse Width 
50 
30 
ns 


tsse 
CS to CE Setup time 
50 
20 
ns 


tHSC 
~Iow 
during CE high 
50 
20 
ns 


tSRC 
RlC to CE setup 
50 
0 
ns 
tHRC 
RIG low during CE high 
50 
20 
ns 


tSAC 
Aa to CE setup 
0 
ns 


tHAC 
Aa valid during CE high 
50 
20 
ns 
te 
Conversion time, 12·bit cycle 
15 
20 
25 
~ 
B-bit cycle 
10 
13 
17 
~ 


Read Mode 


too 
Access time from CE 
75 
150 
ns 
tHO 
Data valid after CE low 
25 
35 
ns 


tHL 
Output float delay 
100 
150 
ns 


tSSR 
CS to CE setup 
50 
0 
ns 


tSRR 
RIG to CE setup 
0 
ns 


tSAR 
Aa to CE setup 
50 
25 
ns 


IHSR 
CS valid after CE low 
0 
ns 


tHRR 
RIG high after CE low 
0 
ns 
tHAA 
Ao valid after CE low 
50 
ns 
tHs 
STS delay after data valid 
300 
400 
1000 
ns 


NOTE: Specifications 
are at +25°C and measured at 50% level of transitions. 


CE ----+- ~'~---tHEC 


Aa~ 
_ 


tHAC 
AL-- 
+V 
-L 


STS -----I~--to-sc---I~.----fc 
~ 


After conversion 
is initiated, the output data buffers remain 


in a high-impedance 
state until the following 
four logic 
conditions are simultaneously 
met: RlChigh, 
STATUS low, 
CE high, and CS low. Upon satisfaction 
of these conditions 
the data lines are enabled 
according 
to the state of inputs 
12/8 and Ao. See Figure 7 and Table V for timing relation- 
ships and specifications. 


In most applications 
the 12/8 input will be hard-wired 
in 


either the high or low condition, 
although 
it is fully TIL- 
and 
CMOS-compatible 
and 
may 
be actively 
driven 
if 


4iAR 
.••. \-_-- 
RIG =.1- I 
1..-.. 
tSAR 
Aa3 
*--- 
1---t-SA-R-------tH-AR-I-~ 


STS ------------- 


tHs1.J 
I-ItHO 


High-Z 
L. 
I 
'-- 


I 


I,Data 
Valld-- 
1 


- 
too ----.. 
1 __ 
t 
HL 


-.... 


desired. When 12/8 is high, all 12 output lines (DBO-DBll) 
are enabled simultaneously 
for full data word transfer to a 


12-bit or 16-bit bus. In this situation the Ao state is ignored. 


When 12/8 is low, the data is presented 
in the form of two 
8-bit bytes, with selection 
of the byte of interest 
accom- 


plished by the state of Ao during the read cycle. Connection 
of the ADC574A 
to an 8-bit bus for transfer of left-justified 


data is illustrated in Figure 8. The Ao input is usually driven 
by the least significant 
bit of the address 
bus, allowing 


storage of the output data word in two consecutive 
memory 


locations. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 1-=--=-1 


When Ao is low, the byte addressed 
contains 
the 8MSBs. 


When Ao is high, the byte addressed 
contains 
the 4LSBs 
from the conversion 
followed 
by four logic zeros which 
have been forced 
by the control 
logic. The left-justified 


formats of the two 8-bit bytes are shown in Figure 8. The 
design of the ADCS74A guarantees that the Ao input may be 
toggled 
at any time with no damage to the converter; 
the 
outputs 
which are tied together 
as illustrated 
in Figure 
9 
cannot be enabled at the same time. 


Processor 


Converter 


In the majority 
of applications 
the read operation 
will be 
attempted 
only after the conversion 
is complete 
and the 
STATUS output has gone low. In those situations requiring 
the earliest 
possible 
access 
to the data, the read may be 
started 
as much 
as 
I.ISJ.lS (tDD max 
+ tHS min) 
before 


STATUS 
goes 
low. Refer 
to Figure 
7 for these 
timing 
relationships. 
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Microprocessor-Compatible 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
COMPLETE 
12-BIT 
AID CONVERTER 
WITH REFERENCE, 
CLOCK, 
AND S-, 12-, 


OR 16-BIT 
MICROPROCESSOR 
BUS 


INTERFACE 


• 
IMPROVED 
PERFORMANCE 
SECOND 
SOURCE 
FOR ADC574A1674A-TYPE 
AID 
CONVERTERS 
Conversion 
Time: 
15~ 
max 
Bus Access 
Time:150ns 
max 
Ao Input: 
Bus Contention 
During 
Read 
Operation 
Eliminated 


• 
FULLY 
SPECIFIED 
FOR OPERATION 
ON 


±12V OR ±15V SUPPLIES 


• 
NO MISSING 
CODES 
OVER 


TEMPERATURE: 
O°C to +75°C ADC674AJH, 
KH, JP, KP 
Grades 
-55°C 
to +125°C (ADC674ASH, 
TH Grades) 


Coot,ol 
{ 
Inputs 


Bipolar 


011"" 


20V 
Range 


The ADC674A 
is a l2-bit 
successive 
approximation 
analog-to-digital 
converter, 
utilizing 
state-of-the-art 
CMOS and laser-trimmed 
bipolar die custom-designed 
for freedom from latch-up and for optimum 
AC per- 
formance. 
It is complete 
with a self-contained 
+ lOV 


reference, 
internal clock, digital interface 
for micro- 
processor control, and three-state 
outputs. 


The reference 
circuit, 
containing 
a buried 
zener, 
is 


laser-trimmed 
for minimum 
temperature 
coefficient. 


The clock oscillator 
is current-controlled 
for excel- 
lent stability 
over temperature. 
Full-scale 
and offset 


errors 
may be externally 
trimmed 
to zero. Internal 
scaling 
resistors 
are provided 
for the selection 
of 
analog 
input 
signal 
ranges 
of OV to +lOV, 
OV to 


+20V, ±SV, and ±lOV. 


The 
converter 
may 
be externally 
programmed 
to 


provide 
8- or l2-bit 
resolution. 
The conversion 
time 


for 12 bits is factory set for ISIlS maximum. 


Output 
data are available 
in a parallel 
format 
from 
TTL-compatible 
three-state output buffers. Output data 


are coded in straight binary for unipolar input signals 
and bipolar offset binary for bipolar input signals. 


The 
ADC674A, 
available 
in both 
industrial 
and 
military temperature 
ranges, requires supply voltages 


of +SV and ±12V or ±ISV. It is packaged 
in a 28-pin 
plastic DIP, or hermetic side-brazed 
ceramic DIP. 


Parallel 


Dota 
Ou,put 
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At T,6,= +25°C, Vcc = ±12V or +15V, Vee = -12V 
or -15VDC, 
and VLOG1C = +5V, unless otherwise noted. 


ADC674AJP, 
JH, SH 
ADC674AKP, 
KH. TH 
« 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
'l:t 


RESOULUTION 
12 
Bits 
,.... 
m 
ANALOG 
INPUTS 
0 


Voltage Ranges: Unipolar 
Oto +10. Oto +20 
V 
0 
Bipolar 
±5.±10 
V 
« 
Impedance: 0 to +10V, ±5V 
4.7 
5 
5.3 
kfl 


±10V. OV 10+20V 
9.4 
10 
10.6 
kQ 


DIGITAL 
INPUTS (CE, CS, R/C, A.a, 12/8) 


Over Temperature 
Range 
Voltages: 
Logic 1 
+2 
±5.5 
V 


Logic 0 
-{).5 
±0.8 
V 


Current 
-5 
0.2 
±5 
~A 
en 


Capacitiance 
5 
pF 
••• 


TRANSFER 
CHARACTERISTICS 
Z 


ACCURACY 
W 


AI +25 C 
±1 
±1/2 
LSB 
Z 
Linearity Error 
±2 
LSB 
0 
Unipolar Offset Error {adjustable to zero} 
±10 
±4 
LSB 


Bipolar Offset Error (adjustable to zero) 
D.. 


Full-Scale Calibration 
Errorll (adjustable to zero) 
±0.25 
%of 
FS(2) :: 
No Missing Codes Resolution (differentiallinearily) 
11 
±1/2 
12 
Bits 
0 
Inherent Quantization 
Error 
LSB 


T MIN to TMAX 
0 


Linearity Error: J, K Grades 
±1 
±112 
LSB 
Z 
S, T Grades 
- 
±1 
±3/4 
LSB 


Full-Scale Calibration 
Error 
0 


Without Initial Adjustmen(l): 
J, K Grades 
±0.47 
±0.37 
%ofFS 
!:: 
S, TGrades 
±0.75 
±0.5 
%ofF5 
Adjusted to zero at +25°C: J. K Grades 
±0.22 
±0.12 
%otFS 
en 
5, TGrades 
±0.5 
±0.25 
%ofF5 


No Missing Codes Resolution (differential 
linearity) 
11 
12 
Bits 
:) 


TEMPERATURE 
COEFFICIENTS 
(T M'N to TMAX)(3) 
0 
Unipolar Offset: J, K Grades 
±10 
±5 
ppmf'C 
0 
S, T Grades 
±5 
±2.5 
ppmf'C 
« 
Max Change: All Grades 
±2 
±1 
LSB 


Bipolar Offset: All Grades 
±10 
±5 
ppmf'C 
i:5 
Max Change: J, K Grades 
±2 
±1 
LSB 


S, TGrades 
±4 
±2 
LSB 
<c 
Full-Scale Calibration: 
J, K Grades 
±45 
±25 
ppmf'C 
0 
5, T Grades 
±50 
±25 
ppmrc 
Max Change: J, K Grades 
±9 
±5 
LSB 
S, TGrades 
±20 
±10 
LSB 
en 


POWER SENSITIVITY 
a: 
Change in Full-Scale Calibration 
W 


+13.5V < Vcc < +16.5V or +11.4V < Vcc < +12.6V 
±2 
±1 
LSB 
••• 
+16.5V < Vee < +13.5V or -12.6V 
< Vee < -11.4V 
±2 
±1 
LSB 
a: 
+4.5V < VLOG1C < +5.5V 
±112 
LSB 
W 
CONVERSION 
TIME!') 
> 
8·Bil Cycle 
6 
8 
10 
~s 
Z 
12·Bil Cycle 
9 
12 
15 
~s 
0 
DIGITAL 
OUTPUT (DB,,-DBo, 
Sialus) 
(Over Temperature 
Range) 
0 


Outputs Codes: Unipolar 
Unipolar Straight Binary (USB) 
0 
Bipolar 
Bipolar Otlset Binary (BOB) 
<c 
Logic Levels: Logic 0 (IS1NK 
= 1.6mA) 
+0.4 
V 


Logic 1 (ISOURCE' 
500~A) 
+2.4 
V 


Leakage, Data Bits Only, 
High·Z Siale 
-5 
0.1 
+5 
~A 
Capacitance 
5 
pF 


INTERNAL 
REFERENCE 
VOLTAGE 


Voltage 
+9.9 
±10 
±10.1 
V 
Source Current Available for External Loads(5) 
2 
mA 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


ADC674AJP,AJH,ASH 
ADC674AKP,AKH,ATH 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
REQUIREMENTS 


Voltage: Vcc 
+11.4 
+16.5 
V 
VEE 
-11.4 
-16.5 
V 


VLOGIC 
+4.5 
+5.5 
V 


Current: 
Ice 
3.5 
5 
mA 


lEE 
15 
20 
mA 
ILOG1C 
9 
15 
mA 
Power Dissipation 
(±15V Supplies) 
325 
450 
mW 


TEMPERATURE 
RANGE (Ambient: T M'N.TMAX) 
Specification: 
K, J Grades 
0 
+75 
·C 


S. T Grades 
-55 
+125 
·C 


Storage 
--65 
+150 
·C 


• Specitications 
same as ADC674AJP. 
AJH. ASH. 


NOTES: (1) With fixed 50n 
resistor from REF OUT to REF IN. This parameter 
is also adjustable 
to zero at +25"C (see Optional 
External Full scale 
and Offset 
Adjustments 
section). (2) FS in this specification 
table means Full Scale Range. That is, for a ±10V input range. FS means 20 V; for a 0 to +10V range. FS means 


10V. The term Full Scale for these specifications 
instead of Full-Scale Range is used to be consistent with other vendor's 674A type specification 
tables. (3) Using 
internal 
reference. 
(4) See Controlling 
the AOC674A 
section 
for detailed 
information 
concerning 
digital timing. 
(5) External 
loading 
must be constant 
during 


conversion. 
The reference output requires no buffer amplifier with either ±12V or ±15V power supplies. 


Vcc to Digital Common. 
. 
0 to +16.5V 


Vee to Digital Common 
0 to -16.5V 


VLOG1C to Digital Common. 
.. 
0 to +7V 


Analog Common to Digital Common. 
. 
±1V 


Control Inputs (CE. CS. Ao. 1218. Rie) 
to Digital Common 
-o.5V 
to VLOG1C +O.5V 


Analog Inputs REF IN. BIP. OFF .• 10V'N) 
to Analog Common 
. 
±16.5V 


20V1N to Analog Common 
±24V 
REF OUT 
Indefinite Short to Common, 


Momentary 
Short to Vcc 


Max Junction Temperature.. 
.. 
+165°C 
Power Dissipation 
1000mW 
Lead Temperature 
(soldering, 
1Os) 
+300°C 


Thermal 
Resistance, 
6JA: Ceramic 
. 
50°Cf\N 
Plastic 
100°CNtJ 


CAUTION: 
These 
devices 
are 
sensitive 
to 
electrostatic 
discharge. 


Appropriate 
I.C. handling procedures 
should be followed. 


LINEARITY 


TEMPERATURE 
ERROR 


MODEL 
PACKAGE 
RANGE 
rnax (T••• to T....> 


ADC674AJP 
Plastic DIP 
O°C to +75·C 
±lLSB 


ADC674AKP 
Plastic DIP 
O°C to +75°C 
±1I2LSB 


ADC674AJH 
Ceramic DIP 
O°C to +75°C 
±lLSB 


ADC674AKH 
Ceramic DIP 
O°C to +75·C 
±1/2LSB 


ADC674ASH 
Ceramic 
DIP 
-55·C 
to +125°C 
±1LSB 


ADC674ATH 
Ceramic DIP 
-55·C 
to +125·C 
±3/4LSB 


BURN-IN SCREENING 
OPTION 


See text for details. 


BURN-IN 


TEMPERATURE 
TEMPERATURE 


MODEL 
PACKAGE 
RANGE 
(160 Hours)!') 


ADC674AJP-BI 
Plastic DIP 
O°C to +75°C 
+85·C 
ADC674AKP-BI 
Plastic DIP 
O·C to +75·C 
+85·C 
ADC674AJH-BI 
Ceramic DIP 
DoCto +75°C 
+125·C 
ADC674AKH-BI 
Ceramic DIP 
ooe to +75°C 
.•.125°C 
ADC674ASH-BI 
Ceramic DIP 
-55·C 
to +125·C 
+125°C 
ADC674ATH-BI 
Ceramic DIP 
-55·C 
to +125·C 
+125°C 


Bum-in 
screening 
is available 
for both plastic and ceramic 
package 
ADC674As. 
Bum-in 
duration 
is 160 hours at the 
temperature 
(or equivalent 
combination 
of time and tem- 
perature) 
indicated below: 


Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 


All units are 100% electrically 
tested after bum-in 
is com- 
pleted. 
To order 
bum-in, 
add "-BI" 
to the base 
model 


number (e.g., ADC674AKP-BI). 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


ADC674AJP 
Plastic DIP 
215 
ADC674AKP 
Plastic DIP 
215 
ADC674AJH 
Ceramic DIP 
149 
ADC674AKH 
Ceramic DIP 
149 


ADC674ASH 
Ceramic DIP 
149 


ADC674ATH 
Ceramic 
DIP 
149 


ADC674AJP-BI 
Plastic DIP 
215 


ADC674AKP-BI 
Plastic DIP 
215 


ADC674AJH-BI 
Ceramic DIP 
149 
ADC674AKH-BI 
Ceramic DIP 
149 
ADC674ASH-BI 
Ceramic DIP 
149 
ADC674ATH-BI 
Ceramic DIP 
149 
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+SVDC Supply (VLood 
Status 


'218 
DB11 (MSB) 


cs 
DB10 


Ao 
DB9 


RIG 
~ 
DB8 
* 


0 


CE 
() 
DB? 
.", 
-g 
" 
II: 
'" 
+Vcc 
<= 
12 Bits 
l' 
DB6 
~ 


<D 


Ref Out 
'§ 
DBS 
E 
al 
·x 
~ 
Analog Common 
e 
DB4 
a. 
a... 
.;, 


Ref In 
!!; 
~ 
DB3 


'I 
l- 


V•• 
DB2 
g 
Bipolar Offset 
(/) 
DB1 


10V Range 
DBO (LSB) 


20V Range 
15 
Digital Common 


The Burr-Brown 
ADC674A can be easily interfaced to most 


microprocessor 
systems and other digital systems. The mi- 
croprocessor 
may take full control of each conversion, 
or the 
converter 
may operate 
in a stand-alone 
mode, 
controlled 


only by the RlC input. Full control consists of selecting an 


8- or l12-bit conversion cycle, initiating the conversion, 
and 


the output data when ready--<:hoosing 
either 
12 bits all at 
once, or 8 bits followed by 4 bits in a left-justified 
format. 


The five control inputs (12/8, CS, Ao, RlC, and CE) are all 
ITL-/CMOS-compatible. 
The functions 
of the control 
in- 


puts are described in Table I. The control function truth table 
is listed in Table II. 


CE 
CS 
RlC 
12/8 
Ao 
OPERATION 


0 
X 
X 
X 
X 
None 


X 
, 
X 
X 
X 
None 
i 
0 
0 
X 
0 
Initiate 12-bit conversion 


i 
0 
0 
X 
1 
Initiate 
a·bit conversion 
, 
j. 
0 
X 
0 
Initiate 
12-bit 
conversion 


1 
j. 
0 
X 
1 
Initiate 
a·bit conversion 


1 
0 
j. 
X 
0 
Initiate 
12-bit 
conversion 


1 
0 
j. 
X 
1 
Initiate a-bit conversion 


1 
0 
1 
1 
X 
Enable' 
2·bit output 


1 
0 
1 
0 
0 
Enable 8 MSBs only 


1 
0 
1 
0 
1 
Enable 4 LSBs plus 4 
trailing zeros 


PIN 
DESIGNATION 
DEFINITION 
FUNCTION 


CE (Pin 6) 
Chip Enable 
Must 
be high 
(~1") to either initiate a conversion or read output data. 0-1 
edge 
may be used to initiate a 
(active high) 
conversion. 


CS (Pin 3) 
Chip Select 
Must be low ("01 at either initiate a conversion 
or read output data. 
1-0 edge may be used to initiate a conversion. 
(active low) 


RIG (Pin 5) 
Read/Convert 
Must be low ("0") to initiate either 8- or 12-bit conversions. 
1-0 edge may be used to initiate a conversion. 
Must be high 
("1" = read) 
(~1")to read output data. 0-1 edge may be used to initiate a read operation. 


("0" = convert) 


Ao (Pin 4) 
Byte Address 
In the start-convert 
mode, Ao selects a·bit (A 0 = "1") or 12-bit (Ao = "0") conversion 
mode. When 
reading output 


Short Cycle 
data in two 8·bit bytes, Ao = ·0" accesses ±8MSBs 
(high byte) and Ao = "1" accesses 
4LSBs and trailing ·Os" (low 


byte). 


12/8 (Pin 2) 
Data Mode Select 
When 
reading output data. 
12/8 = ~1"enables all 12 output bits simultaneously. 
, 218 = "0· will enable the MSBs 


("," = '2-bits) 
or LSBs 
as determined 
by tho Ao 
lino. 
("0· = 8-bits) 
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and 12/8 are connected to VLOG1C (+5V). The output data are 
presented 
as 12-bit words. The stand-alone 
mode is used in 


systems 
containing 
dedicated 
input 
ports 
which 
do not 


require full bus interface capability. 


Conversion 
is initiated 
by a high-to-low 
transition 
of RlC. 
The three-state 
data output buffers are enabled when RlC is 
high and STATUS 
is low. Thus, 
there are two possible 
modes of operation; 
conversion 
can be initiated with either 
positive 
or negative 
pulses. 
In either case, the RlC pulse 
must remain low for a minimum 
of 5Ons. 


Figure 1 illustrates timing when conversion is initiated by an 
RlC pulse 
which 
goes low and returns 
to the high state 
during the conversion. 
In this case, the three-state outputs go 
to the high-impedance 
state in response to the falling edge of 
RlC and are enabled 
for external 
access of the data after 
completion 
of the conversion. 
Figure 2 illustrates the timing 
when conversion 
is initiated by a positive RlC pulse. In this 
mode, 
the output 
data 
from 
the previous 
conversion 
is 
enabled during the positive portion of RlC. A new conver- 
sion is started on the falling edge of RlC, and the three-state 
outputs 
return 
to the high impedance 
state until the next 


occurrence 
of a high RlC pulse. Timing 
specifications 
for 


stand-alone 
operation 
are listed in Table m. 


1-IOs-J~~\- 


STATUS ---I----'--le--i 


--- 
tHOR 
- 
--- 
ltis 
- 


High-Z Slate 


FIGURE 
I. RlC Pulse Low-Outputs 
Enabled After Con- 


versions. 


RIG 
I 
IHRH-!-tOS-1 


STATUS 
I 


100RI I-IHOR-I 
--Ie 


High-Z 
Data Valid 
High-Z State 


0811·080 


FIGURE 
2. RlC Pulse High-Outputs 
Enabled Only While 
RlC is High. 


1tI0R 
-uata 
9and Atter RlC Low 
25 
ns 


tHS 
STS Delay After Data Valid 
300 
400 
1000 
ns 


It<RH 
High RlC Pulse Width 
150 
ns 


tOOR 
Data Access Time 
150 
ns 


FULLY CONTROLLED 
OPERATION 


Conversion 
Length 


Conversion 
length (8-bit or 12-bit) is determined 
by the state 
of the Ao input, which is latched upon receipt of a conver- 
sion start transition (described below). If Ao is latched high, 
the conversion 
continues 
for 8 bits. The full 12-bit conver- 
sion will occur if Ao is low. If all 12 bits are read following 
an 8-bit conversion 
the 3LSBs (DBa - DB2) will be low 
(logic 
0) 
and 
DB3 
will 
be 
high 
(logic 
I). 
Ao 


is latched because it is also involved in enabling the output 
buffers. No other control inputs are latched. 


The converter 
is commanded 
to initiate 
conversion 
by a 
transition 
occurring 
on any of three logic inputs (CE, CS, 
and RlC) as shown in Table II. Conversion 
is initiated by the 
last of the three to reach the required state and thus all three 
may be dynamically 
controlled. 
If necessary, 
all three may 
change states simultaneously, 
and the nominal delay time is 


the same regardless 
of which input actually 
starts conver- 


sion. If it is desired that a particular input establish the actual 
start of conversion, 
the other two should be stable a mini- 


mum of 50ns prior to the transition 
of that input. Timing 
relationships 
for start of conversion 
timing are illustrated in 


Figure 
3. The specifications 
for timing 
are contained 
in 


Table IV. 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
11:11:11 


STS Delay from CE 


CE Pulse Width 


CS to CE Setup 


CS Low During CE High 


RiC 10 CE Selup 


RiC Low During CE High 


Ao To CE Selup 


Ao Valid During CE high 


Conversion 
Time, 
12 Bit Cycle 


B Bit Cycle 


Read Mode 


too 


tHO 


tHL 


tSSR 


tSAR 


tSAR 


tHSR 


ltiRR 


4<AR 
IHs 


Access Time From CE 


Data Valid Atter CE Low 


Output Float Delay 


CS to CE Selup 


RiC 10 CE Setup 


Ao 10 CE Setup 


CS Valid After CE Low 


RiC high After CE Low 


Ao Valid After CE Low 


STS delay After Dala Valid 


The STATUS 
output indicates the current state of the con- 


verter 
by being 
in a high state only during 
conversion. 
During this time the three state output buffers remain in a 
high-impedance 
state, and therefore 
data cannot 
be read 
during conversion. 
During this period additional transitions 
of the three digital inputs which control conversion 
will be 


ignored, 
so that conversion 
cannot 
be prematurely 
termi- 


nated or restarted. 
However, 
if Ao changes 
state after the 


beginning 
of conversion, 
any additional 
start conversion 
transition will latch the new state of Ao, possibly resulting 
in an incorrect conversion 
length (8 bits vs 12 bits) for that 
conversion. 


After conversion 
is initiated, the output data buffers remain 
in a high-impedance 
state until the following 
four logic 
conditions 
are simultaneously 
met: R/e high, STATUS low, 


CE high, and CS low. Upon satisfaction 
of these conditions 


the data lines are enabled 
according 
to the state of inputs 


12/8 and Ao. See Figure 4 and Table IV for timing relation- 
ships and specifications. 


60 


50 
30 
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20 


50 
20 


50 
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0 


50 
20 


9 
12 


6 
B 


75 
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35 
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50 
0 


0 


50 
25 


0 


0 


50 


100 
300 


CE ---I 
\ 


CS 


__ 
t 


SSA 
tHSR 


I 


tHRR 
RiCJ 
"-- 
--lt 


SRR 
Ao=x 
>e:= 
__ 
tSAR 
lHAR 


The 
information 
provided 
herein 
is believed 
to be reliabl9; 
howQvQr, BURR 
BROWN 
assumes 
no responsibility 
lor InaccuracIes 
or omissions. 
BURR-BROWN 


assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not 


authorize 
or warrant 
any BURR·BROWN 
product for use in life support devices 
and/or 
systems. 


High·Z 
~..- 
Data Vahd - 


---too---I 
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16-Bit Resolution with Microprocessor Interface 
AID CONVERTER 


• 
COMPLETE 
WITH REFERENCE, 
CLOCK, 


8-BIT PORT MICROPROCESSOR 
INTERFACE 


• 
CONVERSION 
TIME: 17~ 
max 


• 
LINEARITY 
ERROR: iO.003% FSR max 


• 
NO MISSING CODES TO 14 BITS OVER 
TEMPERATURE 


• 
SPECIFIED 
AT ±12V AND ±15V SUPPLIES 


• 
OUTPUT 
BUFFER 
LATCH FOR IMPROVED 
INTERFACE 
TIMING FLEXIBILITY 


• 
PARALLEL 
AND SERIAL DATA OUTPUT 


• 
SMALL PACKAGE: 
28-Pin DIP 


The ADC700 
is a complete 
16-bit resolution 
succes- 
sive approximation 
analog-to-digital 
converter. 


The reference 
circuit, 
containing 
a buried 
zener, 
is 


laser-trimmed 
for minimum 
temperature 
coefficient. 


The clock oscillator is current-controlled 
for excellent 
stability over temperature. 
Gain and Zero errors may 


be externally trimmed to zero. Analog input ranges of 
OV to +5V, OV to +IOV, OV to +20V, ±2.5V, ±5V, and 
±IOV are available. 


The conversion 
time is I7IJS max for a 16-bit conver- 
sion over the three specification 
temperature 
ranges. 


After a conversion, 
output 
data is stored 
in a latch 
separate from the successive approximation 
logic. This 


permits 
reading 
data during 
the next conversion, 
a 


feature that provides 
flexible 
interface 
timing, 
espe- 
cially for interrupt-driven 
interfaces. 


Data is available in two 8-bit bytes from TIL-compat- 
ible three-state output drivers. Output data is coded in 
Straight Binary for unipolar input signals and Bipolar 
Offset Binary or Twos complement 
for bipolar input 
signals. BOB or BTC is selected by a logic function 
available on one of the pins. 


The ADC700 
is available 
in commercial, 
industrial 
and military 
temperature 
ranges. It is packaged 
in a 


hermetic 28-pin side-braze ceramic DIP. 


Successive 
Approximation 
Register 


BURR-BROWN~ 
113131 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


ELECTRICAL 


ADC700JH,AH,RH 
ADC700KH,BH,SH 


CHARACTERISTICS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
00 
RESOLUTION 
16 
Bits 
••••• 


ANALOG 
INPUTS 
I 
0 


Voltage Ranges 
C 
Bipolar 
±2.5,±5,±10 
V 
« 
Unipolar 
oto 
+5. 0 to +10, 0 to +20 
V 


Impedance (Direct Input) 
OVto +5V, ±2.5V 
2.5±1% 
kil 
OV to +10V, ±5V 
5±1% 
kil 
OV to +20V, ±10V 
10±1% 
kQ 


DtGITAL 
SIGNALS 
(Over Specification 
Temperature 
Range) 


Inputs 
en 
Logic Levels(l) 


V'H 
+2.0 
+5.5 
V 
•••• 


VIL 
0 
+0.8 
V 
Z 
I'H 
(V, = +2.7V) 
±10 
~ 
W 
III 
(V, = +O.4V) 
±20 
~A 
Z 
Outputs 
,. 


Logic Levels 
0 


VOL (IOL= -1.6mA) 
+0.4 
V 
0- 
VOH (IOH= +20~) 
+2.4 
V 
::!: 
ILEAKAGE 


Data Outputs Only, High Z 
10 
nA 
0 
TRANSFER 
CHARACTERISTICS 
0 
ACCURACY 
Z 
Linearity Error 
±0.006 
±0.003 
%of 
FSR(2) 


Differential Linearity Error 
±0.012 
±0.OO6 
%of 
FSR 
0 
Gain 
Error(3) 
±D.l 
±D.2 
% 


~ 
Zero 
Error<3l 


Bipolar Zero 
±D.l 
±D.2 
%of 
FSR 
en 
Unipolar Zero 
±D.05 
±D.l 
% of FSR 
Noise at Transitions 
(3ap-p) 
±0.001 
±0.003 
% of FSR 
:) 
Power Supply Sensitivity 
+Vcc 
±0.0015 
%FSR/"IoVcc " 


-Vec 
±0.0015 
%FSR/%Vcc 
0 
VDO 
±0.0005 
%FSR/%Voo 
« 
DRIFT (Over Specification 
Temperature 
Range) 
Gain Drift 
±8 
±t5 
ppm/oC 


~ 
Zero Drift 
Bipolar Zero 
±5 
±10 
ppm of FSRrC 
~ 
Unipolar Zero 
±2 
±4 
ppm of FSRrC 
C 
Linearity Drift 
±1 
±3 
±2 
ppm of FSRrC 


No Missing Codes 
Temperature 
Range 
en 
JH (13-bit), KH (14-bit) 
0 
+70 
°c 
AH (13-bit), BH (14 bit) 
-25 
+85 
°c 
a: 
RH (13-bit), SH (14-bit) 
-55 
+125 
°C 
W 
CONVERSION 
TIME 16 bits 
15 
17 
~s 
•••• 
WARM-UP 
TIME 
5 
min 
a: 
OUTPUT DATA CODES!') 
W 


Unipolar Parallel 
USB 
> 
Bipolar 
Parallel(5) 
BTC, BOB 
Z 
Serial Output (NRZ) 
USB, BOB 


POWER SUPPLY REQUIREMENTS 
0 


Voltage Range 
0 


+Vcc 
+11.4 
+15 
+16 
VDC 
C 
-vcc 
-11.4 
-15 
-16 
VDC 
VDD 
+4.75 
+5 
+5.25 
VDC 
< 
Current(S) 


+Vcc 
+10 
+15 
mA 
-Vce 
-28 
-35 
I 
mA 
VOD 
+17 
+20 
mA 


Power Dissipation 
645 
765 
mW 


TEMPERATURE 
RANGE 


Specification 
J, K Grades 
0 
+70 
°C 
A, B Grades 
-25 
+85 
°C 
R. S Grades 
-55 
+125 
°C 
Storage 
-1>5 
+150 
°C 
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PARAMETER I 
LIMIT AT I 


TA = 0, +70oC I 


LIMIT AT 
I 
I 
DESCRIPTION 
T. = 25°C 
-25OC, +85°C 
T. = -55°C, 
+1250C 
UNITS 


CONVERSION 
AND SERIAL 
DATA OUTPUT TIMING 


t, 
0 
0 
0 
ns, min 
CS to WR Setup time 
t, 
110 
130 
145 
ns, max 
WR to Status delay 
t, 
40 
40 
40 
ns, min 
WR pulse width 


4 
0 
0 
0 
ns, min 
CS to WR Hold time 


Is 
15 
17 
17 
~.max 
Conversion time 


t,; 
550 
600 
650 
ns, max 
Data Ready to Status time 


I, 
1100 
1150 
1250 
ns, max 
WR to first Serial Data Strobe 


t, 
250 
210 
200 
ns, min 
First Serial Data to first Serial Data Strobe 
t, 
310 
360 
400 
ns, max 
Last Serial Data Strobe to Status 
110 
0 
0 
0 
ns, min 
Status to WR Setup time 


PARALLEL 
DATA OUTPUT TIMING 


t" 
0 
0 
0 
ns, min 
HBEN to RD Setup time 
t12 
0 
0 
0 
ns, min 
CS to AD Setup time 


113(7) 
50 
58 
66 
ns, max 
High Byte Dala Valid after AD 
CL : 20pF (High Byte bus access lime) 


70 
81 
95 
ns, max 
High Byte Data Valid after AD 
CL = 100pF (High Byte bus access lime) 


t,. 
40 
40 
40 
os, min 
AD pulse width 


t" 
40 
45 
50 
ns, max 
Dala Ready delay trom RD (HBEN asserted) 
1,6(8) 
50 
60 
65 
ns, max 
Data Hold time after RD (bus relinquish time) 


t" 
0 
0 
0 
ns, min 
AD 10CS Hold lime 


t" 
0 
0 
0 
ns, min 
RD 10 HBEN Hold lime 


RESET TIMING 


t" 
60 
70 
80 
ns, max 
Data Ready low delay from Reset 


t", 
70 
81 
95 
ns, max 
Status low delay from Reset 


'Same specs as ADC70OJH, AH, RH. 


NOTES, (1) TIL, 
LSTIL, 
and 5V CMOS compalible. 
(2) FSR means Full Scale Range. For example, unit connected 
for±10V 
range has 20V FSR. (3) Externally 
adjustable to zero. 
(4) See Table I. USB - Unipolar Straighl Binary; BTC - Binary Two's Complement; 
BOB - Bipolar Offsel Binary; NRZ - Non Relurn to Zero. 
(5) 
Max supply current is specified at rated supply voltages. 
(6) All input control signals are specified with tA1SE = tFALL 
= 5ns (10% to 90% of 5V) and timed from a voltage 
level of 1.6V. (7) t'3 is measured with the load circuits of Figure 1 and defined as the time required for an output to cross O.8V or 2.4V. 
(8) t'6 is defined as the time 


required for the data lines to change O.5V when loaded with the circuits of Figure 2. 


+Voo to Digital Common 
OV to +7V 
+Vcc to Analog Common 
OV to +18V 


-Vee to Analog Common. 
. 
OVto -18V 
Digital Common to Analog Common 
-1V to +1V 
Digital Inputs to Digital Common... 
. 
-o.5V 
to Voo + O.5V 


Analog Inputs.. 
. 
+16.5V 
Power Dissipation. 
. 
1000mW 


Storage Temperature 
-600C to +150°C 
Lead Temperature, 
(soldering, 
105).. 
. 
+300°C 


NOTES: Stresses above those listed under "Absolute Maximum 
Ratings" 
may cause permanent damage to the device. Exposure to absolute maxi· 
mum rating conditions for extended periods may affect device reliability. 


TEMPERATURE 
LINEARITY 


MODEL 
RANGE 
ERROR (%FSR) 


ADC700JH 
O°C 1070°C 
±C.006 
ADC700KH 
O°C 1070°C 
±C.003 
ADC700AH 
-25°C to +85'C 
±C.C06 
ADC7COBH 
-25°C to +85°C 
±C.C03 
ADC700RH 
-55°C to +125°C 
±C.C06 
ADC700SH 
-55°C 10+125°C 
+0.003 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


ADC700JH 
28-Pin Ceramic DIP 
237 


ADC700KH 
28-Pin Ceramic DIP 
237 


ADC700AH 
28·Pin Ceramic DIP 
237 
ADC700BH 
28·Pin Ceramic DIP 
237 


ADC700RH 
28·Pin Ceramic DIP 
237 
ADC700SH 
28-Pin Ceramic DIP 
237 
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-Vee 
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BTCEN 
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DESCRIPTION 
AND OPERATING FEATURES 


The ADC700 
is a 16-bit resolution 
successive 
approxima- 
tion AID converter. Parallel digital data as well as serial data 
is available. 
Several 
features 
have been 
included 
in the 
ADC700 making it easier to interface with microprocessors 
and/or serial data systems. Several analog input ranges are 
available. 


Some of the key operating features are described here. More 
detail is given in later sections of the data sheet. Refer to the 
block diagram above. 


RESET 


The ADC700 has a Reset input that must be asserted upon 
power-up 
or after a power interruption. 
This initializes 
the 
SAR, the output buffer register and Data Ready flag. Since 
microprocessor 
systems already use a power-on reset circuit, 
the same system reset signal can be used to initialize 
the 
ADC700. 


PARALLEL 
DATA 


The parallel data output is available 
through an 8-bit port 
with 3-state 
output 
drivers. 
High byte and low byte are 
selected by HBEN (pin 10). 


A buffer/latch 
is included between the successive 
approxi- 


mation register (SAR) and the 3-state drivers. This feature 
permits more flexible interface timing than is possible from 
most successive 
approximation 
converters. 


The "old" word can be read during the next conversion. 
A 
Data Ready flag (pin 12) is asserted when a "new" word is 


in the buffer register. The Data Ready flag goes low ("0") 
when the most significant 
byte (high byte) is read. If the 
"old" word is not read, or if only the least significant 
byte 
(low 
byte) 
is read, 
Data 
Ready 
is not 
reset. 
The 
next 


conversion 
output will overwrite 
the data latch when the 
conversion 
is complete. The Data Ready flag remains high. 


Refer to timing diagrams 
in the Specifications 
section. 


Sixteen-bit serial data output is available (pin II) along with 
a serial output strobe (pin 14). This serial data strobe is not 
the internal SAR clock but is a special strobe for serial data 
consisting 
of 16 negative-going 
edges (during conversion) 
occurring about 200ns after each serial data bit is valid. This 
feature eases the interface to shift registers or through opto- 
couplers for applications 
requiring 
galvanic isolation. 


The familiar 
Status (or Busy) flag, present 
in successive 
approximation 
AID converters, 
is available 
(pin 
13) and 


indicates 
that a conversion 
is in progress. 
Status 
is valid 
lIOns after assertion 
of the convert 
command 
(WR low). 


Status cannot be used as a sample-hold 
control because there 
is not enough 
time for the sample-hold 
to settle 
to the 


required 
error 
band before 
the ADC700 
makes 
its first 
conversion 
decision. 


CS (pin 9) selects the ADC700. 
No other functions 
can be 


implemented 
unless CS is asserted. WR (pin 7) is the start- 
of-conversion 
strobe. 
RD strobes 
each output 
data byte, 


selected by HBEN (pin 10), to the 3-state drivers. 
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TWO'S 
COMPLEMENT 
DATA CODE 


BTCEN 
(pin 23) is a logic function 
that implements 
the 
Binary Two's Complement 
output code for bipolar (+ and -) 
analog 
input signal operation. 
This feature 
is compatible 
with twos complement 
arithmetic 
in microprocessor 
math 


algorithms. 


INTERNAL 
CLOCK 


The ADC700 
has a self-contained 
clock to sequence 
the 
AID logic. The clock is not available externally. An external 
16-pulse strobe (pin 14) is brought out to clock serial data 
only. Use of ADC700 
with external clock is not possible. 


INTERNAL 
VOLTAGE 
REFERENCE 


The ADC700 has an internal low-noise buried-zener 
voltage 
reference. The reference circuit has been drift compensated 
over the MIL temperature 
range using a laser trim algorithm. 


The reference 
voltage is not available externally. 


DISCUSSION 
OF SPECIFICATIONS 


Refer 
to Figure 
3 for an illustration 
of AID 
converter 
terminology 
and to Table II in the Calibration 
section. 


Full Scale Range, FSR 
The nominal range of the AID converter. 
For ADC700, the 
FSR is 20V for the OV to +20V and the -I OV to + IOV input 
ranges or JOV for the OV to +IOV and -SV to +SV input 
ranges. 


Least Significant 
Bit, LSB 


The 
smallest 
analog 
input 
change 
resolved 
by the AID 
converter. For an AID converter with N bits output, the input 
value of the LSB is FSR(2-N). 


DBNO~l-I~O 
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3kn 
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cL 


~ 
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A) High-Z to VOH 
(t,) 


and VOL to VOH 
(t,). 


B) High-Z to VOL 
(t,) 


and VOH to VOL 
(t,). 
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D~ 
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Most Significant 
Bit, MSB 


That binary digit that has the greatest value or weight. The 
MSB weight is FSR/2. 


Resolution 
An N-bit binary-coded 
AID converter 
resolves 
the analog 
input into 2N values represented 
by the 2N digital 
output 
codes. 


ACCURACY 


Linearity 
Error, Integral 
Linearity 
Error (ILE) 
Linearity Error is defined as the deviation 
of actual analogIII 
input values from the ideal values about a straight line drawn 
through the code mid-points near positive full scale (at +VFS 
-ILSB) 
and at Zero input (at 1/2LSB below the first code 
transition, 
i.e. at Zero) or, in the case of bipolar operation, 


near 
minus 
full 
scale 
(at 
I/2LSB 
below 
the 
first 
code 
transition, 
i.e. at -VFS)' 
Despite 
the defmition, 
however, 


code transitions 
are easier to measure than code midpoints. 


Therefore 
linearity 
is measured 
as the deviation 
of the 
analog input values from a line drawn between the first and 
last code transitions. 
Linearity 
Error specifications 
are ex- 
pressed in % of Full Scale Range (FSR). ADC700KH 
ILE 
is ±O.OO3% of FSR which is 1/2 LSB at 14-bits. 


Differential 
Linearity Error (OLE), No Missing Codes 


Differential 
Linearity 
Error is defined 
as the deviation 
in 
code width from the ideal value of 1LSB. If the DLE is 
greater than -lLSB 
anywhere along the range, the AID will 


have at least one missing code. ADC700KH 
is specified to 
have a DLE of ±O.OO6%of FSR, which is ±ILSB 
at 14 bits. 


ADC700KH 
is specified to have no missing codes at the 14- 
bit level over specified temperature 
ranges. 


Gain Error 
The deviation 
from the ideal magnitude 
of the input span 
between 
the first code midpoint 
(at -VFS 
+ 1/2LSB, for 
bipolar operation; at Zero for unipolar operation) 
to the last 
code midpoint 
(VFS 
-lLSB). 
As with the linearity 
error 
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Gain Error of the ADC700 
may be trimmed 
to zero using 
external trim potentiometers. 


Offset Error 


Unipolar 
Offset Error-The 
deviation 
of the actual code- 


midpoint value of the first code from the ideal value located 
at 1/2LSB below the ideal first transition value (i.e. at zero 
volts). 


Bipolar 
Offset 
Error-The 
deviation 
of the actual code- 
midpoint 
of the first 
code 
from 
the ideal 
value located 


at 1/2LSB below the ideal first transition value located at - 
VFS +1/2LSB. 


Again, transition values are the actual measured parameters. 
Offset and Zero errors of the ADC700 
may be trimmed to 


zero using 
external 
trim potentiometers. 
Offset 
Error 
is 


expressed 
as a percentage 
of FSR. 


Bipolar 
Zero 
Error-The 
deviation 
of the actual 
mid- 


scale-code 
midpoint value from zero. Transition 
values are 
the actual measured parameter and it is 1/2 LSB below zero 
volts. The error is comprised of Bipolar Offset Error, 1/2 the 
Gain Error, and the Linearity 
Error of bit I. Bipolar Zero 
Error is expressed 
as a percentage 
of FSR. 


Power Supply 
Sensitivity 
Power Supply Sensitivity describes the maximum change in 
the full-scale 
transition 
value from the initial value for a 


change 
in each power supply voltage. PSR is specified 
in 
units of %FSR/% change in each supply voltage. 


The major effect of power supply voltage deviations 
from 
the rated values will be a small change in the Gain (scale 
factor). 
Power Supply Sensitivity is also a function of ripple 
frequency. 
Figure 4 illustrates typical Power Supply Sensi- 
tivity performance 
of ADC700 
versus ripple frequency. 


POWER 
SUPPLY 
SELECTION 


Linear power supplies are preferred. 
Switching 
power sup- 
ply specifications 
may appear to indicate low noise output, 
but these specifications 
are rms specs. The spikes generated 
in switchers 
may be hard to filter. Their high-frequency 


components 
may be extremely 
difficult to keep out of the 
power supply return system. If switchers must be used, their 
outputs must be carefully filtered and the power supply itself 
should be shielded and located as far away as possible from 
precision 
analog circuits. 


LAYOUT 
CONSIDERATIONS 


Because of the high resolution and linearity of the ADC700, 
system design problems 
such as ground path resistance and 


contact 
resistance 
become 
very 
important. 
For 
a 16-bit 
resolution converter with" 
+ JOV Full-Scale Range, lLSB is 


I53JlV. Circuit situations 
that cause only second- or third- 


order errors in 8-, 10-, or 12-bit AID converters 
can induce 


first-order 
errors in 16-bit resolution 
devices. 


preserving 
dynamic 
performance 
and reducing 
noise cou- 
pling into sensitive converter 
circuits. 


When 
passing 
converter 
power 
through 
a connector, 
use 


every available 
spare pin for making 
power supply return 
connections, 
and use some of the pins as a Faraday shield to 
separate the analog and digital common 
lines. 


Power Supply 
Returns 


(Analog 
Common 
and Digital Common) 
Connect 
Analog 
Common 
and Digital 
Common 
together 
right at the converter with the ground plane. This will usually 
give the best performance. 
However, it may cause problems 


for the system designer. Where it is absolutely necessary 
to 


separate analog and digital power supply returns, each should 
be separately 
returned to the power supply. Do not connect 
Analog Common and Digital Common together and then run 
a single wire to the power 
supply. 
Connect 
a I to 47JlF 
tantalum 
capacitor 
between 
Digital 
Common 
and Analog 


Common 
pins as close to the package as possible. 


Power Supply 
Bypassing 


Every power-supply 
line leading into an AID converter must 
be bypassed to its common pin. The bypass capacitor should 
be located as close to the converter package as possible and 
tied to a solid ground--connecting 
the capacitors 
to a noisy 
ground 
defeats 
the purpose 
of the bypass. 
Use tantalum 


capacitors 
with values of from 10JlF to lOOJlF and parallel 
them with smaller 
ceramic 
capacitors 
for high frequency 


filtering if necessary. 


Separate 
Analog 
and Digital Signals 
Digital signals entering 
or leaving the layout should have 
minimum 
length to minimize 
crosstalk 
to analog 
wiring. 


Keep analog signals 
as far away as possible 
from digital 


signals. 
If they 
must 
cross, 
cross 
them 
at right 
angles. 


Coaxial cable may be necessary 
for analog inputs in some 
situations. 


Shield Other Sensitive 
Points 
The most critical of these is the comparator 
input (pin I). If 
this pin is not used for offset adjustment, 
then it should be 
surrounded 
with ground 
plane 
or low-impedance 
power 
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Frequency (Hz) 
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supply plane. If it is used for offset adjustment, 
the series 


resistor and potentiometer 
should be located as close to the 


converter 
as possible. 


The Gain Adjust (pin 4) is an input that has a relatively high 
input impedance 
and is susceptible 
to noise pickup. 
The 


Gain Adjust pin should be bypassed with a 0.01~ 
to O.I~ 
capacitor 
whether or not the gain adjust feature is used. 


If the 20V Analog 
input range is used (pin 28), the 10V 
Range input (pin 27) may need to be shielded with ground 
plane to reduce noise pickup. 


ANALOG 
SIGNAL 
SOURCE 
IMPEDANCE 


The input impedance 
of the ADC700, 
typical of most suc- 


cessive 
approximation 
AfD converters, 
is relatively 
low 
(2.5kQ 
to JOkQ). 
The 
input 
current 
of 
a 
successive 
approximation 
AfD converter 
changes 
rapidly 
during 
the 
conversion 
algorithm 
as each bit current is compared to the 
analog 
input 
current. 
Since 
the 
output 
impedance 
of a 
closed-loop 
amplifier 
or a sample-hold 
amplifier 
increases 
with frequency 
and, in addition, the amplifier must settle to 
the required 
accuracy 
in time 
for the next 
comparison/ 


decision 
after such a disturbance, 
care must be taken to 


select the proper driving amplifier. 


Unfortunately, 
high-accuracy 
operational 
amplifiers 
tend to 
have low bandwidth, 
while wide-band 
amplifiers 
tend to 
have lower accuracy. One solution is to use a wide-band but 
perhaps less precise amplifier. 
Another solution is to add a 
wide-band buffer amplifier such as the Burr-Brown 
OPA633 
inside the feedback 
loop of a slower (but precision) 
ampli- 
fier, Figure 
5. This reduces 
the output impedance 
at high 
frequencies 
yet preserves 
the accuracy 
at low frequencies. 
When a sample/hold 
is needed, a high-linearity, 
high-speed 
sample/hold 
such as the Burr-Brown 
SHC76 should be used 
to drive the ADC700. 


ANALOG 
INPUT 
RANGES 


The analog input circuits of the ADC700 can be connected 
to accept unipolar or bipolar input signals. These ranges and 
connections 
are tabulated in Table I. Circuit connections 
are 
shown in Figures 6 and 7. Gain and offset adjustments 
are 
described 
in the calibration 
section. 


To operate 
the ADC700 
with 
a range 
that 
gives 
other 
convenient 
values for the LSB, the input resistor 
may be 
increased 
or decreased 
slightly 
without seriously 
affecting 
the Gain Drift of the converter. 
Since the input resistors of 
the ADC700 
are within ±2% from unit to unit, this can be 


FIGURE 5. Wideband Buffer Reduces Output Impedance 
at 
High Frequencies. 


consistently 
done with a fixed series or parallel resistor. The 


ADC700 
can then be calibrated 
using the Gain and Offset 


adjustments 
described 
in the calibration 
section. 
For ex- 
ample, using the ± JOV input range, one can decrease 
the 


range slightly by paralleling 
the JOkQ input resistor (pin 28 
to pin 
I) with a 610kQ 
metal film resistor 
to achieve 
a 


300I.LVLSB instead of the nominal 
standard 305.17578IlV 
binary LSB. 


OPTIONAL 
EXTERNAL 
GAIN AND OFFSET 
TRIM 


Gain and Offset Error may be trimmed to zero using external 
Gain 
and 
Offset 
trim 
potentiometers 
connected 
to the'" 


ADC700 as shown in Figures 6 and Figure 7. A calibration"- 
procedure in described in the Operating Instructions 
section. 


Multiturn potentiometers 
with lOOppmt'C or better TCR are 


recommended 
for minimum 
drift over temperature. 
These 


potentiometers 
may be any value from 10kQ to lOOkQ. All 
resistors should be 20% carbon or better. Pin I (Comparator 
In) and pin 4 (Gain Adjust) may be left open if no external 
adjustment 
is planned; 
however, 
pin 4 should 
always 
be 


bypassed 
with 0.01~ 
or larger to Analog Common. 


CALIBRATION 


Offset and Gain may be trimmed 
by external 
Offset 
and 
Gain potentiometers. 
Offset is adjusted first and then Gain. 


Calibration 
values are listed in Table II 
for all ADC700 


input ranges. Offset and Gain calibration 
can 
be 
accom- 


plished 
to 
a precision 
of 
about ± 1/2LSB using a static 


adjustment procedure described below. By summing a small 
sine or triangular wave voltage with the accurate calibration 
voltage applied to the analog input, the output can be swept 
through 
each of the calibration 
codes 
to more accurately 


determine the transition points listed in Table II. NOTE: The 
transition points are not the same as the code midpoints used 
in the static calibration 
example. 


OFFSET 
ADJUSTMENT, 


14-BIT RESOLUTION 
EXAMPLE 


Static Adjustment 
Procedure 
(At Code Midpoints) 
OV to +lOV Range--Set 
the analog input to +ILSBI4 
= 
0.OO06IV. 
Adjust 
the Offset 
potentiometer 
for a digital 
output 
of 0004H• 
Set the analog 
input 
to +Full 
Scale - 
2LSBI4 
= +9.9987V. 
Adjust the Gain potentiometer 
for a 


digital output of FFFCH• For a half-scale 
calibration 
check, 
set the analog input to +5.0000V 
and read a digital output 
code of 80~. 


INPUT 
OUTPUT 
COOE 
CONNECT 
CONNECT 
CONNECT 


SIGNAL 
PIN 2 
PIN 2B 
SIGNAL 


RANGE 
BTCEN = 1 
BTCEN = 0 
TO PIN 
TO PIN 
TO PIN 


±10V 
BOB 
BTC 
1 
Input 
Signal 
28 
f5V 
BOB 
BTC 
1 
Open 
27 
±2.5V 
BOB 
BTC 
1 
Pin 1 
27 


OV to +5V 
USB 
- 


I 


26 
Pin 1 
27 


OVto+l0V 
USB 
- 
26 
Open 
27 
OV to +20V 
USB 
- 
26 
Input 
Signal 
28 
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ANALOG 
INPUT 
VOLTAGEM 


RANGE 
±10 
:IS 
:12.5 
OTO +20 
OTO +10 
OTO +5 


+VFS 
+10 
+5 
+2.5 
+20 
+10 
+5 


-VFS 
-10 
-5 
-2.5 
0 
0 
0 


FSR 
20 
10 
5 
20 
10 
5 


TRANSITION 
CODES 
(Hexadecimal) 
TRANSITION 
VALUES 
(V) 


For 16-bit Resolution 
(Reading 
ail 16 bits) 


FFFEH to FFFFH 
+9.999542 
+4.999771 
+2.499886 
+19.999542 
+9.99971 
+4.999886 
7FFFH to 8000H 
-152.5uV 
-38uV 
-19uV 
+9.999847 
+4.999924 
+2.499962 
OOOOHto 0001 H 
-9.999847 
-4.999924 
-2.499962 
+152uV 
+76UV 
+38uV 
LSB (FSR/216) 
305uV 
153uV 
38uV 
305uV 
153uV 
76uV 


For 1S-bil Resolution 
(Resding 
ail 16 bits,lgnoring 
DB.> 


FFFDH to 7FFEH 
+9.999084 
+4.999542 
+2.499771 
+19.999084 
+9.999542 
+4.999771 


7FFEH to 8000H 
-305uV 
-153uV 
-76UV 
+9.999625 
+4.999847 
+2.499924 


OOOOHto 0002H 
-9.999695 
-4.999847 
-2.499924 
+305uV 
+152uV 
+76uV 
LSB (FSR/21S) 
610uV 
305uV 
153uV 
610uV 
305uV 
153uV 


For 14-blt Resolution (Reading 81116 bits, Ignoring DBo and DB,) 


FFFCH to FFFDH 
+9.99817 
+4.99908 
+2.49954 
+19.99817 
+9.99908 
+4.99954 
7FFDH to 8000H 
-610uV 
-305uV 
••153uV 
+9.99939 
+4.999695 
+2.499847 
OOOOHto 0004H 
-9.999390 
-4.999694 
-2.499847 
+610uV 
+305uV 
+153uV 
LSB (FSR/214) 
1221uV 
610uV 
3°SuV 
1221uV 
610uV 
305uV 


.'.t 
Potentiometers 


2701ill 
4 


101ill to 1001ill 
R, 
Gain Adjust 


-Vcc 


10V Range 
27 


/ 


/ 


/ 
0.01 ~F 
,,, 
28 
.'.t 


20V Range 


R, 


1.8MQ 
Analog 
-Vcc 
Inpul 
BPa 


26 
Analog 
Common 


.'. t 
Potentiometers 
270kQ 
4 


10kQ to 100kQ 
R, 
Gain Adjust 


-Vcc 


10V Range 
27 


/ 
/ 


/,, 
0.01 ~F 
, 
28 
.'.t 


20V Range 


R, 


1.8MQ 
Analog 
-Vcc 
2 


Input 
BPa 


26 
Analog 
Common 
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-lOV 
to +lOV 
Range-Set 
the analog 
input to -FS 
+ 
ILSBI4 = -9.99878V. 
Adjust the Offset potentiometer 
for a 


digital output of 0004H (8004H if BTCEN 
is asserted). 
Set 
the analog input to +9.9976V. Adjust the Gain potentiometer 
for a digital output of FFFCH (7FFCH if BTCEN is assrted). 
For a half-scale 
calibration 
check, set the analog input to 


O.OOOOVand read a digital output code of 8000H (OOOOHif 
BTCEN is asserted). 


CONTROLLING AND 
INTERFACING THE ADC700 


The ADC700 requires a Reset command 
upon power-up or 


after 
a power 
interruption 
to guarantee 
the condition 
of 
internal registers. 
If Status powers-up 
High, no conversion 


can be started. Reset initializes 
the SAR, the output buffer 


register, and the Data Ready flag and terminates 
a conver- 


sion in progress. Since microprocessor 
systems already use 
a power-on reset circuit, the same system reset signal can be 
used to initialize the ADC700. A power-up circuit is shown 
in Figure 8. Refer to Reset function timing diagram follow- 
ing the Timing Specifications 
Table. 


100pF ~ 


CS 


WR 
RD 


Dala Ready 


Reset 


DBo-DB, 


WR 


RD 


INT 


Reset 


START OF CONVERSION 


A conversion is started by asserting CS and WR Low. Status 
goes high about t = tl + t2 = lIOns later. The first successive 
approximation 
decision 
occurs 
about 
900ns 
after WR 
is 


asserted. Status goes Low after the conversion 
is complete. 


Refer to Start of Conversion 
and Serial Data Output Timing 


following 
the Timing Specifications 
Table. 


The data latch feature 
permits 
data to be read during the 
following conversion. The Data Ready flag indicates that the. 
data from the most recent conversion 
is latched in the output 
data latch and that it hasn't been read. Data Ready remains 
High 
until 
the 
most 
significant 
data 
byte 
is read. 
If a 
subsequent 
conversion 
is initiated 
and completed, 
the new 


word will be stored in the output data latch regardless 
of the 
state of the Data Ready flag. The preceding 
word will be 


overwritten 
and lost. 


READING 
PARALLEL 
DATA 


Parallel data is latched in the output data latch at the end of 
a conversion. 
Data can be read any time, even during the 
subsequent 
conversion. 
The output data latch is not cleared 
by reading the data. Only the Data Ready flag is cleared by 
reading the MSB. 


The output three-state 
drivers are enabled by asserting 
the 
CS and RD inputs Low. When 
HBEN 
is Low, the most 
significant eight bits are enabled and the Data Ready flag is 
cleared. When HBEN is High, the least significant eight bits 
are enabled. Refer to Parallel Data Output Timing informa- 
tion following 
the Timing Specifications 
Table. 


To reduce noise interference 
to the absolute minimum, 
data 
should 
be read after the current 
conversion 
is complete. 


However, data can be read during the following conversion, 
with minimal interference, 
to maximize the sampling rate of 
the converter. 


READING 
SERIAL 
DATA 


Serial data output of the ADC700 
is facilitated 
by a Serial 
Data Strobe that provides 16 negative-going edges for strobing 
an external serial to parallel shift register located perhaps on 
the other side of an opto-coupler. 
Refer to the Serial Data 


Timing 
information 
following 
the Timing 
Specifications 
Table. 
An example 
of an isolation 
connection 
using 
the 


serial port feature is illustrated 
in Figure 
10. 


CONTINUOUS 
CONVERSION 
OPERATION 


When CS is permanently 
connected to Digital Common and 
Status is connected 
to WR, Figure 
11, the ADC700 
will 
continuously 
convert. The repetition time will not be precise 


and will vary slightly with the temperature 
for the ADC700 


because 
the time will be determined 
by the internal 
clock 
frequency 
and control-circuit 
gate delays. If a precise repe- 
tition rate is needed, the continuous 
conversion 
connection 
should not be used. 
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V~ 


-------~ 


Serial 


Data 
Strobe 


V 


oo 


~oo 


.... --------, 
: 
V 
: 


-------- 
:-~-4 


: 
Isolation Barrier 


FIGURE 
10. Serial 
Data 
Output 
Providing 
Convenient 
holation. 


PIN DESIGNATION 
DEFINITION 
FUNCTION 


CS (Pin 9) 
Chip Select 
Must be Low to either initiate a conversion or read output data. 


WR (Pin 7) 
Write (Convert) 
Conversion begins after the High-la-Low 
transition. 
AD (Pin 8) 
Read 
Turns ON the three-state output drivers upon being asserted low. 


HBEN (Pin 10) 
High Byte Enable 
Selects the MSB or the LSB for readout. Data Ready is cleared when HBEN is Low and AD is asserted. 
"1" = Low Byte 
"0" = High Byte 


Reset (Pin 6) 
Reset 
Resets internal logic. Must be asserted after power-up or a power interruption clears Status and Data 


-- 
Ready to Low. 
BTCEN (Pin 23) 
BTC Enable 
Sets the output code to Binary Twos Complement 
(BTC) when Low. Output code is Bipolar Offset Binary 


(BOB) when High. 


CONTROL 
LINE 


RESET 
WR 
RD 
HBEN 
CS 
OPERATION 


0 
X 
X 
X 
X 
Reset converter logic. Status and Data Ready set Low. 


1 
X 
X 
X 
1 
No operation. 


1 
0 
X 
X 
0 
Initiate conversion. 


1 
1 
0 
0 
0 
Places High Byte on output port. Clears Data Ready flag. 


1 
1 
0 
1 
0 
Placed Low Byte on output port. Does not clear Data Ready flag. 
1 
0 
0 
0 
0 
Initiates conversion and places High Byte or output port. Clears Data Ready. 


1 
0 
0 
1 
0 
Initiates conversion and places Low Byte on output port. Does not clear Data Ready flag. 


NOTE: If a conversion 
command is asserted while a conversion 
is in progress, the command 
is ignored. If the conversion 
command remains asserted when a 
converSion is finished, a new conversion will begin. 


BURR - BROWNe 
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from Status going low. The two-byte read operation must be 
complete before the conversion in process is complete or the 
Data Read is invalid. 


Serial Data is available during continuous 
conversion 
with 
word synchronization 
available 
from STATUS. 


USING A SAMPLE/HOLD 
WITH ADC700 


Figure 
12 illustrates 
using ADC700 
with the Burr-Brown 
SHC76. 
The 
sample-to-hold 
settling 
time 
(to 
14 bits, 


±O.OO3%FSR) of the SHC76 is IIJStyp, 31JSmax. The time 
from the Status going High to the first conversion 
decision 
is about 900ns. Therefore a time delay between the Sample- 
to-Hold command 
to the WR command 
to the ADC700 
is 


required. 


I Hold 


...-- 
1~sto 3IJs ----.. 


FIGURE 
12. Using 
Sample/Hold 
with ADC700 
Requires 


Time Delay Between Sample and Start-of-Con- 
version. 
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Start Conversion 


BURR - BROWN® 
IElElI 
ADC701 
SHC702 


16-Bit 512kHz 
SAMPLING AID CONVERTER SYSTEM 


• 
CONVERSION 
RATE: 
to 512kHz 
Over 


Temp 


• 
NO MISSING 
CODES AT 16 BITS 


• 
SPURIOUS-FREE 
DYNAMIC 
RANGE: 
107dB 


• 
LOW NONLINEARITY: 
±O.0015% 


• 
SELECTABLE 
INPUT RANGES: 
±5V, 
±10V, 0 to +10V, 0 to +5V, -10V 
to 0 


• 
LOW POWER 
DISSIPATION: 
2.8W Typical 


Including 
Sample/Hold 


• 
METAL 
AND CERAMIC 
DIP PACKAGES 


The ADC701 
is a very high speed 
16-bit analog-to- 
digital 
converter 
based 
on a three-step 
subranging 


architecture. 
Outstanding 
dynamic 
performance 
is 
achieved 
with the SHC702 
companion 
sample/hold 


amplifier. 
Both devices 
use hybrid 
construction 
for 


applications 
where 
reliability, 
small 
size, 
and 
low 
power consumption 
are especially 
important. 


Analog 
Input 


Buffer 


Output 


Buffer 


Input 


• 
MEDICAL 
IMAGING 


• 
SONAR 
• 
PROFESSIONAL 
AUDIO RECORDING 


• 
AUTOMATIC 
TEST EQUIPMENT 


• 
HIGH PERFORMANCE 
FFT SPECTRUM 
ANALYSIS 


• 
ULTRASOUND 
SIGNAL 
PROCESSING 


• 
HIGH SPEED DATA ACQUISITION 


• 
REPLACES 
DISCRETE 
MODULAR 
ADCs 


Excellent 
linearity 
and stability 
are assured 
through 
use of a new ultra-precise 
monolithic 
D/A converter 
and a low-drift 
reference 
circuit. Custom monolithic 
op amps provide very high bandwidth 
and low noise 
in all sections 
of the analog 
signal 
path. 
Logic 
is 


CMOSfITL 
compatible 
and is designed 
for maxi- 
mum flexibility. 


BURR-BROWNe 
'ElEI' 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 
(ADC701 ONLY) 


ADC701JH 
ADC701KH 
en 


TYP 
I 
I 
- 
PARAMETER 
CONDITIONS 
MIN 
MAX 
MIN 
TYP 
MAX 
UNITS 
.•.. 


RESOLUTION 
I 
16 
I 
Bits 
0r--- 


INPUTS 
0 


ANALOG 
I 
I 
I 
I 
I 
C 


Voltage Ranges 
Unipolar 
o to +5, 0 to +10, -10 
to 0 
V 
<C 


Bipolar 
±5, ±10 
V 
Resistance 
o to +SV Range 
2.45 
2.5 
2.55 
k!l 


o to +10V, -10 
to 0, ±5V Ranges 
4.9 
5 
5.1 
kQ 
±10V Range 
9.8 
10 
10.2 
kQ 


Capacitance 
All Ranges 
5 
pF 


DIGITAL 
en 


Logic Family 
TTL -Compatible 
CMOS 
••• 
Convert Command 
Start Conversion 
RiSinr Edge 
I 
Z 
Puise Width 
t = Conversion 
Period 
50 
I 
I 
t - 50 
" 
I 
ns 
W 
TRANSFER 
CHARACTERISTICS 
Z 


ACCURACY 
0 
Gain Error(1) 
o to +10V Range 
±0.03 
±D.l 
% 
a. 


±10V Range 
±0.03 
±D.l 
% 
:E 
Power Supply Sensitivity 
of Gain 
All Ranges, All Supplies 
±0.005 
±D.l 
%IV 
Input Offset Error<l) 
o to +10V Range 
±1 
±3 
mV 
0 


±10V Range 
±5 
±10 
mV 
0 
Power Supply Sensitivity 
of Offset 
All Ranges, All Supplies 
±0.006 
±D.l 
%FSRN 


Integral Linearity Error(2) 
±0.002 
±0.003 
±0.0012 
%FSR(3) 
Z 
Differential 
Linearity Error(2) 
±D.OOO6 
±0.0012 
%FSR 
0 
No Missing Codes 
Guaranteed 
Guaranteed 
Noise 
RSOURCE 
s son 
I 
0.6 
I 
I 
I 
LSB rms 
~ 
CONVERSION 
CHARACTERISTICS 
en 


Sample Rate 
Unadjusted 
DC 
512 
kHz 
Conversion 
Time(·) 
Unadjusted 
1.45 
1.5 
~s 
::) 


OUTPUTS 
a 


DIGITAL 
I 
I 
I 
I 
I 
0 
Logic Family 
TTL-Compatible 
CMOS 
<C 


Data Coding 
Unipolar Ranges 
Straight Binary 


~ 


Bipolar Ranges 
Offset Binary 
Logic 
"0" 
Levels (VoJ 
10l $ 3.2mA 
0.1 
0.4 
V 
Logic "1" Levels (Voo) 
100 s 801lA 
4 
4.9 
V 
« 


Data Valid Setup Time Before Strobe 
Both Edges 
28 
37 
ns 
0 
INTERNAL 
REFERENCE 


Voltage 
RloAO 2::5kn 
+9.995 
+10.000 
+10.005 
V 
en 


Current Available to External Loads 
2 
5 
mA 
a: 
POWER SUPPLY 
REQUIREMENTS 
W 


Supply Voltages: +Vcc 
Operating 
+14.25 
+15 
+15.75 
V 
••• 


-Vcc 
-14.25 
-15 
-15.75 
V 
a: 


+VOO1 
+4.75 
+5 
+5.25 
V 
W 


-VOO1 
-4.25 
-5 
-6 
V 
> 
+VOO2 
+4.25 
+5 
+5.25 
V 
Z 
Supply Currents: +Icc 
Operating 
25 
30 
mA 
-Ice 
33 
45 
mA 
0 
+1001 
45 
55 
mA 
0 
-1001 
37 
50 
mA 
+1002 
133 
150 
mA 
0 


Power Dissipation 
Nominal Voltages 
1.95 
2.3 
W 
« 
PERFORMANCE 
OVER TEMPERATURE 


Specification 
Temperature 
Range 
TA Min to TA Max 
+15 
+55 
0 
+70 
°C 


Gain Error 
All Ranges 
±10 
±15 
ppmJOC 
Input Offset Error 
All Unipolar Ranges 
±1 
±5 
ppm FSRrC 


All Bipolar Ranges 
±1 
±5 
ppm FSRrC 


Integral Linearity 
Error(2) 
±0.2 
±0.5 
ppml°C 
Differential 
Linearity 
Error<2) 
±0.05 
±O.3 
ppmJOC 
No Missing Codes 


I Ty~r 
I 
r,a.ntee! 
Reference 
Output Drift 
ppml°C 
Drift of Conversion 
Time 
Unadjusted 
+4 
ns/"C 
Sample Rate 
Unadjusted 
DC 
512 
kHz 
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I 
SHC702JM 


PARAMETER 
CONDITIONS 
I 
MIN 
TYP 
I 
MAX 
UNITS 


INPUTS (Without Input Buffer) 


ANALOG 
Voltage Range 
±10.25 
±11 
V 
Resistance 
0.98 
1 
1.02 
kO 


Capacitance 
3 
pF 


DIGITAL 
logic 
Family 
lSTTl 


Input Loading 
I 
2 
I 
LSTTL Loads 


TRANSFER 
CHARACTERISTICS 


ACCURACY 
Gain 
RSOURCE= on 
-1 
VN 


Gain Error 
RSOUACE= on 
±0.02 
±0.1 
% 


Linearity Error 
Sample Mode 
±0.OOO3 
%FSR 
Offset Error 
Sample Mode 
±0.5 
±3 
mV 
Charge Offset (Pedestal) 
Error 
Sample/Hold 
Mode, RsoURCES 500 
±0.5 
±5 
mV 
Droop Rate 
Hold Mode 
±0.2 
±2 
~VlllS 


Dynamic Nonlinearity 
SampleIHold 
Mode 
±0.OOO5 
%FSR 
Power Supply Sensitivity 
Offset Plus Charge Offset, All Supplies 
±0.003 
%FSRN 


DYNAMIC 
CHARACTERISTICS 


Acquisition 
Time 
10V Step to ±150~V 
600 
ns 


5V Step to ±150~V 
500 
ns 
Sample·to·Hold 
Settling Time(5) 
to ±15~V 
120 
ns 


Aperture 
Delay Time 
20 
ns 
Aperture 
Uncertainty 
(Jitter) 
10 
25 
ps rrns 
Slew Rate 
150 
VI~s 


Small Signal Bandwidth 
V1N = ±1V 
3.1 
MHz 
Full-Power 
Bandwidth 
V1N = ±10V 
2 
MHz 
Feedthrough 
Rejection 
Hold Mode, 10Vp-p Square Wave Input 
0.001 
% 


OUTPUT 


Voltage Range 
RLOAD 
~ 1kQ 
±10.25 
I 
±11 
I 
V 
Output Current 
±40 
mA 
Short Circuit Protection 
RLOAD = on 
Indefinite 
Output Impedance 
DC 
I 
0.01 
I 
0.1 
0 


INPUT BUFFER 
CHARACTERISTICS 


INPUT 
Impedance 
10" 
113 
ollpF 
Bias Current 
V,N = ±10V 
±2 
±15 
pA 
Offset Voltage 
RSOURCE S 1akO 
±0.3 
±1.5 
mV 
Voltage Range 
±10.25 
±11 
V 


DYNAMIC 
CHARACTERISTICS 


Slew RBte 
20 
35 
VI~s 
Full-Power 
Bandwidth 
V,N = ±10V 
570 
kHz 
Settling Time 
10V Step to ±150~V 
1.7 
~s 


OUTPUT 
Output Current 
±15 
±20 
mA 
Short Circuit Protection 
RLOAD = on 
Indefinite 


POWER SUPPLY 
REQUIREMENTS 


Voltage: 
+Vce 
Operating 
+13.5 
+15 
+16.5 
V 
-Vcc 
-13.5 
-15 
-16.5 
V 
+VDD1 
+4.75 
+5 
+5.25 
V 


Current: 
+Icc 
Operating 
33 
40 
mA 
-Ice 
18 
25 
mA 


+1001 
5 
10 
mA 
Power Dissipation 
Nominal Voltages 
790 
950 
mW 


PERFORMANCE 
OVER TEMPERATURE 


Specification 
Temperature 
Range 
TA Min to TA Max 
0 
+70 
·C 
SampleIHold 
Gain Error 
RSOURCE= on 
±1 
±5 
ppm/"C 
SampleIHold 
Offset Error 
RSOURCE~ SOO 
±10 
±30 
~VI"C 
SampleIHold 
Charge Offset Error 
RSOURCE:s; 500 
±10 
±8O 
~VI"C 
Droop Rate 
±5O 
~VI~ 
Buffer 
Offset 
Error 
ASOURCE:S 10kQ 
±3 
±15 
~VI"C 


~~E~:n~J 
:~bu~~~~~~ 
~~r~ti:r;~~ 
r;~~~~:~:~~(~)r 
2dc~~~e~~~n±ii~~ 
~~n9~fn~l~s (~~:~~~.t:;;~te~~ 
bS:~~I~~H~Td9~u~: ~:~e~ 
~~l~~~~~~~!~~~ 


the duration of the Sample/Hold 
command. 
This time must be added to the SampleIHold 
acqusition time to obtain the total system throughput time. (5) Given for 


reference only - 
this time overlaps with the ADC701 conversion 
time and does not affect system throughput 
rate. 
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PARAMETER 


Sample Rate 
Dynamic 
Nonlinearity 


Total Harmonic 
Distortion (THO) 


CONDITIONS 


Unadjusted 


UNITS 


kHz 


%FSR 
dB 
dB 
dB 


dB 
dBC 
dBC 
dB 
W 


f'N = 20kHz (-o.3dB) 
f'N = 199kHz (-o.2dB) 
f'N = 20kHz (-o.3dB) 
f'N = 199kHz (-12dB) 
f, = 195kHz (--6.5dB), I, = 200kHz (--6.5dB) 


f, = 195kHz (-12.5dB), 
fF, = 200kHz (-12.5dB) 


f'N = 5kHz (-o.5dB) 
Operating 


±0.oo2 
-103 
-82 


107 
94 
-81 
-86 


93 
2.8 


PIN NO. 
DESCRIPTION 
PIN NO. 
DESCRIPTION 


1 
Bit 1/9 (Bit 1 = MSB) 
40 
-Voo, 
(-5V) 
Analog 


2 
Bit 2/10 
39 
Common (Analog) 
3 
Bit 3/11 
38 
+Voo, (+5V) Analog 
4 
Bit 4/12 
37 
Reference 
(Gain) 
Adjust 
5 
Bit 5/13 
36 
+1OV Reference 
OutpUt(2) 


6 
Bit 6/14 
35 
Common (Reference) 
7 
Bit 7/15 
34 
DNC 
8 
Bit 8/16 
33 
Common (Analog) 
9 
Clip Detect Output 
32 
+1OV Reference 
Input(2) 


10 
+VDD2 
(+5V) Digitai 
31 
Input D (1) 


11 
Common 
(Digital) 
30 
Input C I') 


12 
Data Strobe 
29 
Common (Signal) 
13 
High/Low 
Byte 
Select 
28 
Input 
B 
(1) 
14 
Convert 
Command 
27 
Input A 
(1) 


15 
Sample/Hold 
Control(3) 
26 
-Vcc 
(-15V) 
Analog 


16 
Common 
(Digital) 
25 
Common 
(Power) 


17 
Common 
(Digital) 
24 
+Vcc (+15V) Analog 
18 
Clock Adjust 
23 
DNCI') 


19 
Common 
(Digital) 
22 
Offset Adjust 
20 
+V D02 
(+5V) 
Digital 
21 
Offset Adjust 


NOTES: 
(1) 
Refer 
to Input 
Connection 
Table. 
(2) 
Reference 
Input 
is normally 


connected 
to Reference 
Output, unless an extemal10V 
reference 
is used. 
(3) 
SamplelHold 
Control 
goes high to activate 
Hold mode. (4) DNC = Do Not 
Connect. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


ADC701JH 
Metal and Ceramic 
230 
ADC701KH 
Metal and Ceramic 
230 


Basic Model 
Number 
T IJ)H 


Performance 
Grade Code 


K: DoC to +70°C 
Ambient 
Temperature 


J: +15°C 
to +55°C 
Ambient 
Temperature 


Package Code 
-------------------' 


H: Metal 
and Ceramic 


tVcc 
±18V 


±V001' +V002" 
t7V, 
+7V 


Analog 
Input 
. 
±Vcc 


Logic Input 
-o.5V 
to (+Voo, + 0.3V) 
Logic Output 
±25mA 
Case 
Temperature 
+150°C 


Junction 
Temperature 
+165°C 


Storage 
Temperature 
-65°C 
to +165°C 


Power 
Dissipation 
. 
3W 


Stresses 
above 
these 
ratings may pennanently 
damage 
the device. 
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For Immediate Assistance, Contact YourLocal Salesperson 


ADC701 
OUTPUT 
CODING 


NOMINAL 
INPUT VOLTAGE 
TO ADC701 


(Multiply by -1 tor SHC702 Input Voltage) 
OUTPUT CODE 


tNPUT LEVEL 
Q-l0V 
RANGE 
±lOV 
RANGE 
±5V RANGE 
(1 = Logic High) 
CLIP 
(Exact Center of Code) 
(1LSB =153~V) 
(1LSB =05~V 
(1LSB .15~V) 
MSB 
LSB 
DETECT 


Underrange 
< -76~V 
< -10.000153V 
< -5.00oo76V 
0000 0000 0000 0000 
1 
-FS 
OV 
-10V 
-5Vסס ooסס ooסס ooסס oo 
0 
-FS 
+ lLSB 
+153~V 
-9.999695V 
-4.999847Vסס ooסס ooסס oo 0001 
0 


-,J,/4FS 
+1.25V 
-7.5V 
-'3.75V 
0010סס oo 0000 0000 
0 
-1/2FS 
+2.5V 
-5V 
-2.5V 
0100 0000 0000 0000 
0 


-1/4FS 
+3.75V 
-2.5V 
-1.25V 
0110סס oo 0000 0000 
0 


-1LSB 
+4.999847V 
-'305~V 
-15~V 
0111111111111111 
0 
Mid-Scale 
+5V 
OV 
OV 
1000סס ooסס oo 0000 
0 
+1LSB 
+5.OO0153V 
+305~V 
+153~V 
1000 0000 0000 0001 
0 


+1/4FS 
+6.25V 
+2.5V 
+1.25V 
10100000סס ooסס oo 
0 
+lI2FS 
+7.5V 
+5V 
+2.5V 
1100סס ooסס ooסס oo 
0 
+314FS 
+8.75V 
+7.5V 
+3.75V 
1110סס ooסס ooסס oo 
0 


+FS -2LSB 
+9.999695V 
+9.99939V 
+4.999695V 
1111111111111110 
0 
+FS - lLSB 
+9.999847V 
+9.999695V 
+4.999847V 
1111111111111111 
0 
Overrange 
> +9.999924V 
> +9.999847V 
> +4.999924V 
1111111111111111 
1 


PIN NO. 
DESCRIPTION 
PIN NO. 
DESCRIPTION 


1 
SamplelHold 
Output 
24 
+VcC<+15V) Analog 


2 
NCt') 
23 
Common (Power) 


3 
NC 
22 
-Vcc 
(-15V) 
Analog 


4 
NC 
21 
Common (Analog) 


5 
NC 
20 
NC 


6 
NC 
19 
NC 


7 
NC 
18 
NC 


8 
NC 
17 
Buffer Amp Input(2) 


9 
+VDOl (+5V) Analog 
16 
NC 


10 
Common 
(Digital) 
15 
Common 
(Signal) 


11 
Hold Inpu~l) 
14 
Buffer Amp Output 


12 
Hold Inpu~l) 
13 
Analog Input 


NOTES: (1) Hold mode is activated only when pin 12 is low and pin 11 is high. 
For normal use with ADC701, pin 12 is grounded and pin 11 is connected 
to 
ADC701 SampleIHold control (ADC701 pin 15). (2) If the buffer amp is not used. 
pin 17 should be grounded. (3) NC = No Internal Connection. 


PACKAGE 
DRAWING I 


MODEL 
PACKAGE 
NUMBERl') 


SHC702JM 
24·Pin 
113 
I 


________ 
='_S-'HC702 TJ 
M 


Basic Model Number 
---' 
Performance 
Grade Gode 
J: aoc to +70°C Ambient Temperature 
Package Code 
J 


M: Metal 


±V",.. 
. 
±18V 
+VOO1 
.......................................................................................•........... 
+7V 
Analog and Buffer Inputs 
±Vcc 


Outputs 
Indefinite Short to Common 


Logic Inputs.. 
.. 
-o.5V 
to (+V001 + O.3V) 
Case Temperature.. 
+150°C 
Junction Temperature 
. 
+165°C 
Storage Temperature.. 
.. .... -65°C 
to +165°C 
Power Dissipation. 
..... 1.5W 
Stresses above these ratings may permanently 
damage the device. 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no respOnsibility for inaccuracies or omissions. BURR-BROWN 
as&umcs 


no responsibility 
for the use of this Information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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TYPICAL DYNAMIC PERFORMANCE (ADC701/SHC702)(1) 
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meaning 
that the analog-to-digital 
conversion 
is performed 


in three passes which constitute 
coarse, medium 
and fme 


approximations 
of the input signal. Refer to Figures I and 2 


for simplified 
block diagrams of the system. 


Before the input signal is presented to the ADC, it must be 
sampled 
with high linearity 
and low aperture error by the 


sample/hold 
amplifier. 


In the SHC702, 
the sampling 
switch is placed at the sum- 
ming junction 
(virtual ground) of a high speed FET ampli- 


fier (Figure I). This arrangement 
maintains constant charge 
injection 
independent 
of the 
signal 
amplitude, 
which 
is 
critically 
important 
for good 
linearity 
performance. 
The 


sampling 
switch itself is a high speed DMOS FET whose 


gate is driven from a fast-slewing 
control signal, thus mini- 
mizing the time aperture between 
the fully closed (sample 
mode) and the fully open (hold mode) states of the switch. 
The signal voltage 
is held across the feedback 
capacitor, 


forcing the op-amp to maintain a constant output voltage for 
the duration 
of the AID conversion. 
Feedthrough 
from the 


input, already low due to the MOSFET's 
low capacitance, 
is 
further reduced by clamping 
the summing 
point to ground 


with another FET. 


Input 
Scaling 


Network 


amplifier AI' The current output of the DAC (0 to 2mA) is 
also applied to the summing 
point. 
If bipolar 
operation 
is 


selected, 
the JOy reference 
output 
is applied 
to input D, 


creating 
a ImA offset current 
which sums with the input 
current. 
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mid-scale 
so that ItS output 
current 
IS exactly 
ImA. This 
ImA is subtracted from the input signal current. The differ- 
ence 
current 
flows 
through 
Rf and appears 
as an error 
voltage at the output of A I' 


During 
the first 
pass, 
the programmable 
gain 
amplifier 
(PGA) is set to unity gain, which matches the error voltage 
range to the input range of the flash ADC. The error signal 
is digitized to 7-bit resolution by the flash ADC, creating a 
coarse approximation 
of the digital output value, which is 
then applied to the DAC. 


Since the DAC output is now approximately 
equal to the 
input signal current, the remaining 
difference 
current flow- 


ing through Rfis small-ideally 
less than 1/128 of full scale, 
which is due to the built-in quantizing 
uncertainty 
of the 7- 
bit flash ADC. However, other sources of error (e.g., integral 
and differential 
nonlinearity 
of the flash ADC, 
gain and 
offset of the PGA, settling and noise errors throughout 
the 
signal path) cause the possible error range to be significantly 
greater. In fact, the ADC701 is designed to handle remainder 
signals 
up to 1/32 of full scale, which 
is four times the 
"ideal" value. 


Therefore, 
the PGA is set during the second pass to a gain 
of 32, allowing the small remainder 
signal to match the full 
range of the flash ADC. This is again digitized 
to 7-bit 
resolution 
and added 
to the previous 
result to create 
the 
"medium" 
approximation 
of the input signal. Because 
the 
full-scale 
range of the flash represents 
1/32 of the input 
signal's 
full range, the 7-bit flash output is shifted right by 
5 bits before 
being 
added 
to the original 
7-bit "coarse" 
result, creating a 12-bit word. There is an overlap of two bits 
because the two least significant 
bits of the first-pass result 
correspond 
to the two most significant 
bits of the second- 


pass result. This overlap in the adder is called "digital error 
correction"-the 
mechanism 
that allows nonideal 
remain- 
ders from the first pass to be corrected 
in the second pass. 


The 12-bit approximation 
is applied once again to the DAC, 
causing 
the remaining 
difference 
current 
to become 
yet 
smaller. For the third pass, the PGA's gain is increased by 
another factor of 32, and the remainder is again digitized by 
the flash ADC. 


At this point in the conversion, 
all of the necessary data has 
been latched and it is no longer necessary to hold the analog 
signals from the sample/hold 
or the DAC. From a systems 
perspective, 
the conversion 
is now complete 
because 
the 
sample/hold 
is released 
to begin acquiring 
the next input 
sample 
and the DAC 
is reset 
to mid-scale 
for the next 
conversion. 
Meanwhile, 
the final result from the flash is 
added to the previous 
12-bit result. Again there is a two-bit 
overlap 
to allow for error correction. 
The adder output is 
monitored 
to prevent a digital "rollover" 
condition, 
so that 
the ADC clips properly 
at the signal extremes. 
The upper 
sixteen bits of the final adder result are stored in the ADC' s 
output 
register, 
ready 
to be presented 
in byte-sequential 
form at the eight output data Jines. The overrange 
or "clip" 
condition can also be detected externally 
by monitoring 
pin 
9. Refer to the section on ADC701 
Digital I/O for further 
detail. 


The ADC701/SHC702 
combination 
is designed to be easy to 
use in a wide variety 
of applications, 
without 
sacrificing 
flexibility 
of the analog and digital interface. 


The connection 
diagram (Figure 3) shows the basic hookup. 


At the SHC702 input, the user may opt to connect the built- 
in FET buffer amplifier. The buffer is most useful in mUlti-~ 
channel applications 
where the signal bandwidth 
is less than..- 
100kHz. In those applications, 
It serves to Isolate the multi- 
plexer output from the lill 
input impedance 
of the sample/ 
hold. For higher frequency 
applications 
and for any system 
that does not require 
the very high impedance, 
the best 
results 
(lowest 
noise and distortion) 
will be achieved 
by 
driving the SHC702's 
analog input directly. If the buffer is 
not used, its input should be grounded to avoid random noise 
pickup and saturation 
of the buffer op amp. 


Only two connections 
are required between the SHC702 and 
the ADC701: 
SHC702 
analog output to ADC701 
input(s) 
and the digital Hold Command 
from the ADC701 
to the 
SHC702. As always, it is best to avoid routing these analog 
and digital lines along parallel traces. Although 
the place- 
ment of the SHC702 relative to the ADC is not extremely 
critical, one good approach is to mount the SHC along one 
end of the ADC package as shown in Figure 4. This mini- 
mizes 
the length 
of the interconnections 
and keeps 
the 
digital lines well away from sensitive analog signals. 


ADC701 
INPUT CONNECTIONS 


The ADC input network has four separate terminals, 
allow- 
ing many different input ranges. These should be connected 
as indicated in Table I. Most users will take advantage of the 
ADC701's 
built-in 
reference 
circuit, 
which has very low 
noise and excellent temperature 
stability. To use the internal 
reference, 
it is only necessary 
to connect pin 36 (Reference 
Output) to pin 32 (Reference Input). To use an external 
JOy 
reference 
(to cause the ADC gain to track a system refer- 
ence, 
for example), 
pin 36 is left unconnected 
and the 
external 
reference 
is applied 
to pin 32. If required, 
the 
ADC701 
will typically 
accommodate 
a five to ten percent 
variation 
in the JOy reference. 
External 
references 
should 
have very low noise to avoid degrading the excellent signal- 
to-noise ratio (SNR) of the ADC701. 


INPUT RANGE 
CONNECT v,. TO 
CONNECT Rei In TO 


010 +10V 
Input A and Input D 
- 
±10V 
Input A 
Input D 
±5V 
Input A and Input B 
Input D 
-10V 
to 0 
Input A and Input B 
Input C and Input D 
o to +5V 
Input B and Input C 
- 
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+15V 
-15V 
+5V 


+ 
+ 


~22 
~+ 
~ 
24 
9 


+15V 
-15V 
+5V 
Connect for 
17 
Buffer 
11 


Buffered Input 
Hold 
,\/ 
Input 


''""'~~ 


14 
Buffer 
Output 
SHC702 


", 
I 


Connect for I' ' 
Direct Input 
" 
' 
13 
Analog 
Analog 


Input 
Output 


Optional 
Gain Adjust 
20kQ 


Optional 
Offset Adjust 
500kQ(6) 


31 


Input 


D 


+ 


~26 
~+ 


~ 
40 
~+ 
24 
38 


Offset 
+15V 
-15V 
+5V 
-5V 


Adjust 


27 
Input A(2) 


28 
Input B 


Start 
ADC701 


Convert 
Convert Command 
In 


14 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Data 
Clip 


1/9 
2/10 
3/11 
4/12 
5/13 
6/14 
7115 
8/16 
Strobe 
Detect 


1 
2 
3 
4 
5 
6 
7 
12 
9 


lkQ 


Optional 


Clock Adjust 


:- 
--- --- --- 
: 
r-- D---: 


I 
I 
••" 
I 
: 


, 
74HC574 
~~:<.L~ 
__~ 
13) 
, 
:: 
Optional(") 
: 
...~ 
:: 
: 
l-------~~~~~g~~~I~~~I~~~l~~~l~~~~~~~g~~-----J 
~--I--~ 


Bit 
B~ 
Bit 
Bij 
Bit 
Bit 
Bit 
Bit 
Clip 
9 
10 
11 
12 
13 
14 
15 
16 
Detect 


(Latched) 


NOTES: 
(1) For lowest distortion at high input frequencies the non-buffered 
option should be used. If the buffer is not used, its input should be grounded. 
(2) Shown 
connected for ±5V input range. Refer to Input Connection Table for other options. (3) If the Clip Detect feature is used, then the signal may be latched with a simple 
o type flip-flop as shown. See the section on ADC701 
Digital 1/0 for additional applications information. 
(4) The second octal flip-flop is recommended 
but optional 
- 
it provides added digital signal isolation and buffering, and also permits three-slate 
logic output compatibility. 
(5) All commons should be connected to the analog 
ground plane. Refer to the section on "Power and Ground Connections:' (6) The Offset Adjust circuit shown provides an adjustment range of approximately 
±O.25% 


FSR. 
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OFFSET, 
GAIN AND CONVERSION 


SPEED 
ADJUSTMENTS 
(OPTIONAL) 


Adjustment 
of the reference voltage is the most straightfor- 
ward way to adjust the ADC gain. For the internal reference, 
this is accomplished 
by connecting a 20kQ potentiometer 
as 
shown in Figure 3. This will provide a gain trim range of 
about ±3%. 
It is also possible 
to use external 
series 
or 
parallel 
resistance 
in the input network, 
but that is more 
cumbersome 
and usually will degrade the gain stability over 
temperature 
due to tempco 
(temperature 
coefficient) 
mis- 


matches among the resistors. 


ADC offset may be adjusted by connecting 
a SOOill poten- 


tiometer 
to pins 
21 and 22, 
with 
the 
wiper 
connected 


through a series 30kQ resistor to ground as shown in Figure 
3. This will provide an offset trim range of approximately 
±O.2S% FSR. For a larger trim range of offset or gain, it is 
recommended 
that trims be accomplished 
elsewhere 
in the 
system. 


The Clock Adjust input (pin 18) is intended 
primarily 
for 


small adjustments 
of the conversion 
time. However, 
this 
will rarely be necessary because the ADC701 is guaranteed 
to convert 
up to S12kHz over the specified 
temperature 
range without external clock adjustment. 


POWER 
AND GROUND 
CONNECTIONS 


Experience 
with testing and applying 
the ADC701 
shows 


that it will perform well in most board layouts, provided that 
appropriate 
care is taken with grounding 
and bypassing. 


Power supplies may be shared between the ADC70 1, SHC702 
and other analog circuitry 
without difficulty. 
It is recom- 
mended 
that each power 
pin be locally 
bypassed 
to the 


ground plane with a high quality tantalum 
capacitor 
of at 
least IJ.lF. If at all possible, power should be derived from 
well-regulated 
linear 
supplies-switching 
power 
supplies 


will require much more effort for proper decoupling 
and are 
not recommended 
for this or any high performance 
wide- 
band analog system. 


The +SV Digital 
supply 
pins, though 
not as sensitive 
to 
noise as the +SV Analog pin, should nonetheless 
be kept as 
quiet as possible. If the system digital supply is noisy, then 
it is best to use the system +SV analog supply for all of the 
+SV connections 
on the ADC701 
and SHC702 rather than 
trying to separate them. If only one +SV supply is available 
and it is shared with other system logic, then extra bypassing 
and/or supply filtering may be required. 


The -SV 
supply will operate with any voltage between 
- 
4.7S and -6V. 
If -SV 
is not available 
from the system 
supplies, then an industry-standard 
790S regulator 
may be 
used to derive -SV from the -ISV 
supply. 


All ground 
pins on both the ADC701 
and the SHC702 
should be connected 
directly 
to a common 
ground 
plane. 
This is true for both analog and digital grounds. However, 
it is also helpful 
to recognize 
where 
the digital 
ground 
currents flow in the system, 
and to provide PC board return 
paths for potentially troublesome 
digital currents in addition 


to the ground plane connections. 
For example, the ADC701 
output data lines will sink current (statically and/or dynami- 
cally) when in the low state. This current comes from the 
power 
supply 
that runs the interface 
logic, 
and so must 
return to that supply's 
ground. If the ground termination 
is 


placed such that this digital current will flow away from the 
ADC701, then the existing ground plane will suffice to carry 
the current. 
On the other hand, if the ground 
termination 
must be placed such that the digital current flows across the 
ADC or SHC layout, then it would be advisable to break the 
analog ground plane under the package (to stop the flow of 
current across the package) 
and to provide a separate trace_ 


(several 
centimeters 
wide) on another 
PC board 
layer to 
carry the digital return current from pins II and 19 to the 
termination 
point. If the ADC70 I must interface into a fairly 
noisy digital environment, 
then another approach is to keep 
the first layer of latches 
and/or 
buffers 
connected 
to the 
ADC70 I power and ground planes, so that the ADC itself is 
connected 
to "quiet" 
circuits with short return paths. This 
transfers the interface problem to the outputs of the latches, 
where it can be managed 
with less impact on the analog 
components. 


PHYSICAL 
INSTAllATION 


The packages 
may be soldered directly into a PC board or 
mounted 
in low-profile 
machined 
pin sockets 
with good 
results. 
Use of tall (long lead length) 
sockets, 
adapters 
or 
headers is not recommended 
unless a local ground plane and 
bypass capacitors 
can be mounted directly under the pack- 
ages. 


In a room-temperature 
environment 
or inside an enclosure 
with moderate airflow, the ADC701 and SHC702 normally 
do not require heat-sinking. 
However, 
to keep the devices 


running as cool as possible, it is helpful to install a thin heat- 
transfer 
plate under the packages 
to conduct 
heat into the 
ground plane. The plate may be made from metal (copper, 
aluminum 
or steel) or from a special heat-conductive 
mate- 
rial such as Sil-Pad(l). The Sil-Pad material has the advan- 
tage of being electrically 
insulating 
and somewhat 
pliable, 


so that it will tend to distribute pressure evenly and conform 
to the package-an 
advantage 
in systems 
where the board 
may be flexed or subjected to vibration. 


PC BOARD 
lAYOUT 


An 
optimized 
layout 
has been 
designed 
for the 
DEM- 
ADC701-E demonstration 
fixture. For information 
concern- 
ing the demo board and the layout, contact your local sales 
representative. 
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process 
IS miUatea oy a nsmg edge on the Convert 
Com- 
mand input. This will immediately 
bring the sample/hold 


command 
output to a logic high state (Hold mode). 


After the ADC701 conversion 
is completed 
(approximately 


1.51lS after the convert 
command 
edge), the Sample/Hold 
Command 
falls to a low state, enabling the sample/hold 
to 
begin acquisition 
of the next input sample. 
However, 
the 


ADC701 
internal clock continues 
to run so that the output 
data may be processed. 


There are two methods of reading data from the ADC: 


1. Strobed 
Output-This 
will usually 
be the easiest 
and 
fastest method. 
The data are presented 
sequentially 
as 


high and low bytes of the total 16-bit word. The sequence 
High-Low 
or Low-High 
is controlled 
by the state of the 


High/Low Byte Select input. The first byte is valid on the 
rising edge of the Data Strobe output; the second byte is 
valid on the falling edge. 


2. Polled output-With 
this method, data strobes will occur 
as described 
above, 
but they are ignored 
by the user. 


Instead, the user waits until the Data Strobe output falls, 
and then manually 
selects high and low output data by 
means of the High/Low 
Byte Select input. This polling 
procedure may be carried out during the subsequent ADC 
conversion 
cycle, but two precautions 
must be observed: 
First, the user should avoid switching the High/Low Byte 
Select immediately 
before or after the next convert com- 
mand. 
This will prevent 
digital 
switching 
noise from 
coupling 
into the system at the instant of analog sam- 
pling. 
Second, the polling sequence must be completed 
before 
the ADC 
begins 
to strobe 
out data 
from 
the 


subsequent 
conversion. 


conv:~~~~mandJ"------- 
50ns 
min 
~ 


(CCl 


-. 
_ 
CC to Hold delay 18ns typ 
J--- 
--- 
Hold Mode ~ 
1.45~s typ 


~•• ~_ •.•.•..•_"' ••..• 
0 •.•...•... ..J 
JlIvn.., 
loll..•.. 031lJJjJJ(;:.O)l 
,,",VH.libUl(tUUII~. 
Jil 
order to convert the ADC70 I's byte-sequential 
data into 16- 
bit parallel form, the minimum requirement 
is for one single 
octal flip-flop, such as a 74HC574 
or equivalent. 
This will 
latch the fust byte on the rising edge of the ADC701 
Data 


Strobe. Then the second byte becomes valid, and all 16 bits 
may be strobed to the outside system on the falling edge of 
the Data Strobe. 


For better noise isolation 
of the ADC70 I from the digital 


system, or if full three-state 
capability 
is required for the 16 


output lines, a second octal flip-flop can be added as shown 
in the dashed lines of Figure 3. This will also require 
an 
inverter to convert the falling Data Strobe edge into a rising 
clock edge for the second flip-flop Ie. 


If it is desirable to have all 16 output lines change simulta- 
neously (for example when driving a D/A converter), 
then a 


third octal flip-flop (not shown in Figure 3) may be added to 
re-Iatch the output of the fust byte. By driving that device's 
clock also from the inverted Data Strobe, fully synchronous 
switching 
of the 16 output bits will be achieved. 


USING THE CLIP DETECT 
OUTPUT 


The ADC701 provides a built-in Clip Detect signal on pin 9 
which indicates an ADC overrange or underrange 
condition. 


The Clip Detect signal is only valid when the High Byte 
becomes valid as shown in Figure 4. Therefore, 
the simplest 


way to latch the Clip Detect signal is to provide an extra flip- 
flop which is clocked on the same strobe edge as the High 
Byte flip-flop. 
Such a setup is illustrated 
in Figure 3. The 
Clip Detect signal remains at logic 0 under normal condi- 
tions, and indicates a clip condition 
by rising to a logic 1. 


"1_- 
5_o_n_s_rn_in_- 
_-_-_-_-_-_-_-'-_-_-_-_-_-_-_---r 


"1~· 
s_a_rn_p_le_M_od_e_ 
-_-_-.:_ -_-_-_-_-_-_--_"r 


Data Outputs for 
LO_w_Byt_e_,_(4) 
-<~: 
Pin 13= Low 
Data N- 
1 
:J- 


______ 
H~_~_~a_B~_~._~'_) 
__ 
~: 
X 
LO~a~:~,(4) X 
Hi~a~:~,I') 
l 
-- 
(2) 
-----..I 


II) HI,)I 


Data Strobe output __ 
:I-:======================.,~.,".5_5_~_S_ty_p~~~~~~~~~~~~~~~~~~~~~~.:-t=1 
~~s =1 
_ 


X 


High Byte,I') X 


_ 
DataN 
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then launch 
a service 
routine 
to generate 
the appropriate 
alarms 
or corrective 
action. 
Another 
possible 
application 
would be to stretch the pulse using a monos table so that it 
would be easily visible when driving an LED warning lamp. 


In some systems, 
it may be desirable 
to provide 
separate 
latched outputs for Underrange 
and Overrange. 
These con- 
ditions may be separately detected by using simple logic to 
implement 
the boolean equations: 


Underrange 
= Clip Detect AND Anybit 


Overrange = Clip Detect AND Anybit 


where "Anybit" 
is anyone 
of the data output bits. 


The Underrange and Overrange signals would then be latched 
into two separate flip- flops. A simple solution using a single 
'74 dual flip-flop 
and a single 
'00 quad NAND 
provides 
enough logic to implement the logic equations, 
with a spare 
NAND gate left over to use for creating the inverted Data 
Strobe signal. 


USING THE ADC701 
AT 
MAXIMUM 
CONVERSION 
RATES 
The ADC701 is guaranteed 
to accept Convert commands 
at 
a rate of DC to 512kHz over the specified 
operating 
tem- 
perature 
range. At a conversion 
rate of 500kHz, 
the total 
throughput time of 2J.1Sallows for the 1.5J.1SADC conversion 
time plus 500ns for the digital output timing and sample/ 
hold acquisition 
time. 


If the user tries to exceed the maximum 
conversion 
rate by 
a large amount, the Convert Command 
of conversion 
N+ I 
will occur before the Data Strobe has fallen from conversion 
N. In such a situation, the ADC701 will simply ignore every 
other Convert command 
so the actual conversion 
rate will 
become half of the Convert command 
rate. Otherwise, 
the 
conversion will proceed normally. Note that the ADC timing 
slows down at high temperatures, 
so the frequency at which 
this occurs will vary with temperature-although 
it is still 
guaranteed 
to be greater 
than 512kHz 
over the specified 
temperature 
range. 


Another consideration 
for operation at very high rates is that 
the sample/hold 
acquisition 
time becomes 
shorter 
as the 
conversion 
rate is increased. 
Users will note that the avail- 
able acquisition time becomes less than 550ns at rates above 
500kHz, which is less than the typical SHC702 acquisition 
time for a 10V step to 150llV accuracy. However, the signal 
degradation 
is gradual as the acquisition time is shortened- 
even at 512kHz, there is enough time to acquire a 5V step to 
better than 500IlV. Also, most signal processing 
environ- 
ments 
do not contain 
full-power 
signals 
at the Nyquist 
frequency, 
but rather show a rolloff of signal power at high 
frequencies. 
If the ability to acquire extremely 
large input 
changes at extremely 
high conversion 
rates is of paramount 
importance, 
the user may elect to use a Burr-Brown 
model 
SHC803 sample/hold 
instead-it 
is pin compatible 
with the 
SHC702 
and provides 
much faster acquisition 
time at the 
expense 
of some extra noise and higher distortion 
at low 
input frequencies. 


The ADC7UI and SHC7U2 together torm a very high pertor- 
mance converter 
system and careful attention 
to test tech- 
niques 
is necessary 
to achieve 
accurate 
results. 
Spectral 
analysis by application of a Fast Fourier Transform 
(FFT) to 


the ADC digital output is the best method of examining total 
system performance. 
Attempts 
to evaluate 
the system 
by 


analog reconstruction 
through a D/A converter 
will usually 
prove unsatisfactory; 
assuming 
that the static and dynamic 
distortions 
of the D/A can be brought 
below the required 
level (-llOdB), 
the performance 
will still be beyond 
the •• 
range of presently 
available 
spectrum analyzers. 
•• 


Even 
when 
the analysis 
is done 
using 
FFT 
techniques, 


several key issues must be addressed. 
First, the parameters 
CJ) 
of the FFT need to be adequate to perform the analysis and 
I- 


extract meaningful 
data. Second, the proper selection of test 
Z 
frequencies 
is critical for good results. Third, the limitations 
W 
of commercial 
signal generators 
must be considered. 
These 
Z 
three points are addressed 
in later sections. Finally, the test 0 
board layout must follow the recommendations 
discussed on 
~ 
pages 8 through 
10. 
0 
o 
Zo 
i=en 
;:)"o« 
t! 
<r:c 


CJ)0: 
WI- 
0: 
W>Zooc< 


O I 
Harmonic Power (first 9 harmonics) 
1 
og ------------ 
Sinewave Signal Power 


Sinewave Signal Power 
10 log 
Noise Power 


OI 
IMD Product Power (RMS sum; to 3rd-order) 
1 og--------------- 
Sinewave Signal Power 


Power of Peak Spurious Component 
10 log 
----------- 
Sinewave Signal Power 


IMD is referred to the larger of the test signals f1 or f2-not 
to the total signal power, which would result in a number 
approximately 
6dB "better." The zero frequency bin (DC) is 
not included in these calculations-it 
represents 
total offset 
of the ADC, SHC and test equipment 
and is of little impor- 
tance in dynamic 
signal processing 
applications. 
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FFT Parameters 
Accurate 
FFf 
analysis of 16-bit systems requires adequate 
computing hardware and software. The FFf length (number 
of points) should be relatively large-at 
least 4K and prefer- 
ably 16K or larger. There are several reasons for this: 


1. The 
converter 
itself 
has 64K codes. 
Ideally, 
the test 
would guarantee 
that all codes are tested at least once. 


Practically 
speaking, 
however, 
that would require 
im- 
mensely 
long FFfs 
(»64K 
points) 
or averaging 
of a 
large number of smaller FFfs. By using an FFf length of 
4K or greater and proper selection of the test frequencies, 
a very good statistical 
picture of the ADC performance 
will be obtained which shows the effect of any defects in 
the transfer function. 


2. The noise floor of the output spectrum is not low enough 
if less than 4K points are taken. Shorter FFfs 
have fewer 
bins to cover the output spectrum, 
so a larger fraction of 
the total system noise appears in each bin. Although 
the 
SNR of the ADC701/SCH702 
system is in the range of 
-93dB, 
the noise level of the available 
generators 
may 
increase the total measured noise power to -80dB. 
Every 
doubling 
of the FFf 
length will spread the noise power 
among twice as many bins, resulting 
in a 3dB reduction 
of the spectral noise floor. In order to resolve spurious 
components 
that are at the level of -llOdB, 
an average 
noise 
floor of less than -113dB 
would 
be barely 
ad- 
equate. 
This requires 
at least 2048 bins in the output 
half-spectrum, 
corresponding 
to a 4K-point 
FFf. 
Even 
at this level, it will be difficult or impossible 
to separate 
higher order harmonics 
in the ADC701 
response 
from 
the average noise level, indicating 
that longer FFfs 
are 
desirable. 


3. Following 
the guidelines 
for test frequency 
selection 
which are outlined 
in the next section, it becomes clear 
that longer 
FFfs 
allow 
a much 
wider 
choice 
of test 
frequencies 
without concern for sophisticated 
data win- 
dowing or code coverage problems. 


Besides the consideration 
of FFf 
length, it is important 
to 
realize that the FFf 
calculations 
must be performed 
with 
high-precision 
arithmetic. The use of 32-bit fixed or floating 
point calculations 
will generally 
be inadequate 
because the 
noise floor due to calculation errors alone will interfere with 
the ADC performance 
data. Unfortunately, 
this considera- 
tion precludes 
the use of most DSP accelerator 
boards and 
similar hardware. In order to preserve the full dynamic range 
of the ADC output, it is best to use standard 64- or 80-bit 
arithmetic. 
To avoid excessively 
long calculation 
times, the 
FFf 
algorithm 
should be written in an efficiently 
compiled 
language and make use of techniques 
such as trigonometric 
look-up 
tables 
in software 
and dedicated 
floating-point 
coprocessors 
in hardware. 
There 
are several 
commercial 
software 
packages 
available 
from Burr-Brown 
and others 
that meet these requirements. 


SELECTION 
OF TEST FREQUENCIES 


The FFf 
(and any similar DSP operation) 
treats the total 
time-domain 
record length as one cycle of an infinitely long 
periodic signal. Therefore, 
if the end of the sampled record 
does not match up smoothly with the beginning, 
the output 
spectrum 
will contain 
serious errors known 
as leakage 
or 
truncation 
error(2). This 
well-known 
problem 
is usually 
handled 
by applying 
a windowing 
function 
to the time- 
domain 
samples, 
suppressing 
the worst effects of the mis- 
match. 
However, 
the most often 
used 
windows 
such as 
Hanning, Hamming, raised cosine, etc., are completely 
inad- 
equate for 16-bit ADC testing. More sophisticated 
functions 
such as the four-sample 
Blackman-Harris 
window(3) will 
provide 
much 
better 
results, 
although 
there 
still will be 
obvious spreading 
of the spectral lines. 


The most successful 
approach 
is to eliminate 
the need for 
windowing 
by properly 
selecting 
the test signal frequency 
(or frequencies) in relation to the ADC sampling frequency(4). 
If the time sample contains 
exactly 
an integer number 
of 
cycles, then there is no mismatch 
or truncation 
error. An- 
other point to consider is that the sampling frequency should 
not be an exact integer 
multiple 
of the signal frequency, 
which would tend to reduce the number of different 
ADC 
codes that are tested and also tend to artificially 
concentrate 
quantization 
error in the harmonics 
of the test signal. 


Both of these criteria 
are met by choosing 
an FFf 
length 
which is a power of two (the most standard 
and fastest to 
compute) 
and choosing 
a test frequency 
which causes 
an 
exact odd integer number 
of cycles to appear in the time 
record. In software, this selection can be accomplished 
very 
easily: 


1. Determine 
the desired sampling 
frequency 
fs. 


2. Determine 
the desired input signal frequency 
fAPPRox. 


3. Determine the FFf length N, which should be a power of 
2 (e.g., 4096 or 16384). 


4. Divide fAPPROXby fs, multiply 
the quotient 
by N, and 
round the result to the nearest odd integer. This is M, the 
number of cycles in the time record. 


5. Multiply 
M by fs and divide by N to obtain the exact 
input signal frequency 
fACTUAL' 


SIGNAL 
GENERATOR 
CONSIDERATIONS 


To suppress 
leakage 
effects, 
the calculated 
ratio of fs to 
fACTUALmust be precisely 
maintained 
during the test. This 
requirement 
is met easily by the use of synthesized 
signal 
generators 
whose 
reference 
oscillators 
can be locked 
to- 
gether. 
Other possible 
approaches 
include 
external 
phase 
locking 
of non-synthesized 
generators 
and direct 
digital 
synthesis techniques. If it is not possible to use phase-locked 
signals, 
then a Blackman-Harris 
window 
may be used as 
mentioned 
previously. 
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Another 
key issue 
is the purity 
of both 
the signal 
and 


sampling frequency generators. The sampling clock's phase 
noise (jitter) will act as another source of SNR degradation. 
This is not serious as long as the jitter is random 
and the 


noise sidebands 
contain no sharp peaks. The HP3325 
syn- 
thesizer is suitable for this purpose. The input signal genera- 
tor will require 
more attention 
because 
its distortion 
will 
usually be greater than that of the ADC701/SHC702. 
Pres- 
ently, 
the lowest 
distortion 
synthesized 
generator 
is the 


Bruel & Kjrer Model 
1051 (or 1049). This is suitable for 
testing the system in the audio range. The upper frequency 
limit of the B&K synthesizer 
is 200kHz. Above 20kHz, the 


distortion 
becomes 
a limiting 
factor, 
and low-pass 
filters 


must be inserted into the signal path to reduce the harmonic 
and spurious content. 


As noted previously, 
the combined 
noise contributions 
of 


the signal generator and sampling clock generator far exceed 
the SNR of the ADC701/SHC702 
itself. The SNR has been 


measured separately by applying a highly filtered sinewave 
to the input, resulting in typical SNR performance 
of -93dB. 


However, the filters employed to achieve this low-noise test 
stimulus 
are found to cause reactive 
loading 
of the signal 


source which results in increased distortion. 
Therefore 
it is 


best to separate the tests for SNR from those for THD and 
IMD, unless a suitably 
pure and 
low-noise 
signal can be 


generated. 


Figures 5 and 6 show block diagrams of FFT test setups for __ 
the ADC701 
and SHC702, 
summarizing 
the placement 
of 


the major components 
discussed 
above. The Typical 
Dy- 


namic Performance 
section shows typical 
results obtained 


from testing the ADC701/SHC702 
at a 500kHz conversion 


rate, using 16K samples for the FFT analysis. 


Start 
Conversion 
N + 1 


-I- 
SOns min 
-r 


-I- 
Sample 
Mode 
·r 


X 


HighByte,I')X 
Low Byte.(4) 


DataN 
DataN 


X 


LowByte.I')X 
HighByte,l3I 


DataN 
DataN 


conv:~g:~mandJ--------50ns 
min ~~: 
---- 


ICG) 


_ 
_ 
CCto Holddelay18nstyp 
J__ 
~ 
HoldMode~~: 
_ 


1.45~styp 


~Il) 


DataStrobeoutPu~_~~-----------;/5~S 
tyP ------------.J:=;~~S=1 
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primarily 
caused 
by integral nonlinearity 
of the SHC and 
ADC. The influence of differential 
linearity errors is harder 
to distinguish 
in a spectral plot-it 
may show up as high- 


order harmonics 
or as very minor variations 
in the overall 


appearance 
of the noise floor. 


A more direct method of examining the differential 
linearity 


(DL) performance 
is by using the popular 
histogram 
test 


method (5). Application 
of the histogram test to the ADC701/ 
SHC702 
is relatively 
straightforward, 
though 
once again 
extra precision is required for a 16-bit system compared 
to 


8- or 12-bit systems. Basically, this means that a very large 
number of samples are required to build an accurate statis- 
tical picture of each code width. If a histogram is taken using 
only one million points, then the average number of samples 
per code is less than fifteen. This is inadequate 
for good 
statistical 
confidence, 
and the resulting 
DL plot will look 
considerably 
worse than the actual performance 
of the con- 


HP3325A 


Frequency 
Synthesizer 


Briiel & Kja9r 
Type 1051 
Synthesizer 


hardware 
can keep pace with the ADC701, 
then 20 million 
samples can be accumulated 
in well under one minute. The 


last figure on page six shows the results of a 19.6 million 
point histogram 
taken at an input frequency 
of 1kHz. 


3. Hams, 
Fredric J", "On the Use of Windows 
for Harmonic Analysis 
with the Discrete 


Fourier Transform': 
Procudings 
of/h~ IEEE, Vol. 66. No. I, January 1978, pp 51- 
83. 


4. Halbert. Joel M. and Belcher, R. Allan, "Selection of Test Signals for DSP-Based 
Testing of Digital Audio Systems': 
Journal of the Audio Engineering 
Society, 
Vol. 


34, No. 718, July/AuguS!, 1986, pp 546-555. 
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BURR - BROWN® 
IElElI 
ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-5~133 


Request Document 
Number 10835 


Microprocessor-Com 
pati ble 
ANALOG- TO-DIGITAL 
CONVERTER 


formance. 
It is complete 
with a self-contained 
+ lOV 
reference, internal clock, digital interface for micropro- 
cessor control, and three-state 
outputs. 


The reference circuit, containing a buried zener, is laser- 
trimmed 
for minimum 
temperature 
coefficient. 
The 
clock oscillator is current-controlled 
for excellent sta- 
bility over temperature. Full-scale and offset errors may 
be externally trimmed to zero. Internal scaling resistors 
are provided 
for the selection 
of analog input signal 
ranges of OV to + IOV,OV to +20V, ±5V, and ± IOy. 


The converter 
may be externally 
programmed 
to pro- 
vide 8- or 12-bitresolution. 
The conversion time for 12 
bits is factory set for 8.5!JSmaximum. 


Output data are available in a parallel format from TTL- 
compatible 
three-state 
output buffers. Output data are 
coded in straight binary for unipolar input signals and 
bipolar offset binary for bipolar input signals. 


The ADC774, available in both industrial and military 
temperature 
ranges, requires 
supply voltages 
of +5V 
and ±12V or ±15Y. It is packaged 
in a 28-pin plastic 
DIP, 
or a hermetic side-brazed 
ceramic DIP. 


• 
COMPLETE 
12-BIT AID CONVERTER 
WITH 
REFERENCE, 
CLOCK, 
AND 8-,12-, 
or 16- 


BIT MICROPROCESSOR 
BUS INTERFACE 


• 
ALTERNATE 
SOURCE 
FOR HI774 AID 
CONVERTER: 
8.5Jls Conversion 
Time, 


150ns Bus Access 
Time 


• 
FULLY SPECIFIED 
FOR OPERATION 
ON 


±12V OR ±15V SUPPLIES 


• 
NO MISSING CODES OVER 
TEMPERATURE: 
O°C to +75°C: ADC774J, 
K 
-55°C 
to +125°C: 
ADC774SH, 
TH 


The ADC774 
is a 12-bit successive 
approximation 
analog-to-digital 
converter, 
utilizing 
state-of-the-art 
CMOS and laser-trimmed 
bipolar die custom-designed 
for freedom from latch-up and for optimum 
AC per- 


Control { 
Inputs 


Bipolar 
Offset 


20V Range 


lOV Range 


Reference 
Input 


Reference 
0 


Output 


Parallel 
Data 
Output 


BURR-BROWN. 
,E3E3, 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


ADCn4J. 
ADCn4SH 


TYP 


ADcn4K. 
ADCn4TH 


TYP 
PARAMETER 


RESOLUTION 


INPUTS 


ANALOG 
Vo~age Ranges: Unipolar 


Bipolar 
Impedance: a to +10V, ±5V 


±10V, OV to +20V 


DIGITAL 
(CE, CS, RiC, Ao. 1218) 


Over Temperature 
Range 
Voltages: Logic 1 
Logic a 


Current 
Capacitance 


TRANSFER 
CHARACTERISTICS 


ACCURACY 
At+25'C 
Linearity Error 
Unipolar Offset Error (Adjustable to Zero) 
Bipolar Offset Error (Adjustable to Zero) 
Full·Scale Calibration 
Error(1) 


(Adjustable to Zero) 


No Missing Codes Resolution (Ditt. Linearity) 
Inherent Quantization 
Error 


T MINto 
TMA)( 


Linearity Error: J, K Grades 
5, TGrades 
Full·Scale Calibration 
Error 
Without Initial Adjustment 
(1) : J. K Grades 
S, T Grades 
Adjusted to Zero at +25°C: J, K Grades 
S, T Grades 


No Missing Codes Resolution (Ditt. linearity) 


TEMPERATURE 
COEFFICIENTS 
(TMINto T.....,J(3) 


Unipolar Offset: J, K Grades 
5, TGrades 
Max Change: All Grades 
Bipolar Offset: All Grades 
Max Change: J, K Grades 
5, TGrades 
Full-Scale Calibration: J, K Grades 
5, TGrades 
Max Change: J, K Grades 


5, TGrades 


POWER SUPPLY SENSITIVITY 
Change in Full·Scale Calibration 
+13.5V < Vec <+16.5V or +11.4V < Vec < +12.6V 
-16.5V 
< VEE 
<-13.5V 
or-12.6V 
< VEE < -11.4V 
+4.5V 
< VLOG1C <+S.5V 


CONVERSION 
TIME ".5) 


8-Bit Cycle 
12-Bit Cycle 


OUTPUTS 


DIGITAL 
(DB11 - DBa, STATUS) 
(Over Temperature 
Range) 


Output Codes: Unipolar 
Bipolar 
Logic Levels: Logic a (IS1NK 
= 1.6mA) 


Logic 1 (ISOURCE 
= 5001lA) 


Leakage, Data Bits Only, High-Z State 
Capacitance 


J 
J 
a to +10, a to +20 


±5.±10 
3.75 
5 
6.25 
7.5 
10 
12.5 


+2 
+5.5 


-0.5 
+0.8 


-5 
0.1 
+5 
5 


±a.47 


±a.75 
±a.22 
±a.5 


II. 
-' 
Unipolar Straight Binary (USB) 


I 


Bipo:~.~set 
Binary (BOB) 


+5 


%01 
FS(2) 


Bits 
LSB 


±a.37 
±a.5 
±a.12 
±a.25 


%ofFS 
%ofFS 
%ofFS 
%ofFS 
Bits 


ppmrc 
ppml'C 
LSB 
ppmrc 
LSB 
LSB 
ppmrc 
ppmrc 
LSB 
LSB 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


Voltage: Vcc 


Vee 
VLOG1C 
Current: 
Ice 
lee 


1l(>G1C 


Power Dissipation 
(±15V Supplies) 


+11.4 
-11.4 
+4.5 


+16.5 
-16.5 
+5.5 
5 
20 
15 
450 


*Same specification 
as ADC774JH, J?, SH. 


NOTES: (1) With fixed 500 resistor from Ref Out to Ref In. This parameter is also adjustable to zero at +25C. (2) FS in this specification table means Full Scale Range. 
That is. for a ±10V input range FS means 20V; for a OVto +10V range, FS means 10V. The term Full Scale for these specification 
instead of Full-Scale Range is used 
to be consistent with other vendors' specifications 
tables. (3) Using internal reference. (4) See "Controlling the ADC774" 
section for detailed information 
concerning 
digital timing. (5) The Harris HI-774 uses a subrangingl'error 
correction technique that allows one to begin conversion before a preceding sample-hold 
or muttiplexer 


has settled to ±l12LSB. For 12-bit accurate conversions, the input transient to the ADCn4 
must settle to less than ±l12LSB before conversion is started. The ADCn4 
is compatible with HI-n4 
in all other respects. (6) External loading must be constant during conversion. The reference output requires no buffer amplifier with either 


±12V or ±15V power supplies. 


DIP 


STATUS 


DB11 (MSB) 


DB10 


DB9 


e 
DBB 
~ 
§ 
U 
DB7 
'5> 
"0 


Q) 
C 
a: 
'" 
c 
12 Bits 
l!? 
DB6 


.2 
Q) 
0; 
'§ 
DB5 
E 
OJ 
'x 
~ 
~ 
DB4 
0. 
0. 
rn 
« 
•• 
!I 
~ 
DB3 


"iZ 
I- 


~ 
DB2 


rn 
DB1 


DBO (LSB) 


15 
Digital Common 


+5VDC Supply (VLood 


12/8 


Cs 


Vee 


Bipolar Offset 


10V Range 


20V Range 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this Information, and arr use or suchlnrormatfon 
shall be entirely at the users own risk. Prices and specillcations 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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"LOGIC 
~I~"CII 
\"ooUII•• IIUII 
Analog Common to Q!9ital Com.!110n~ 
. 
Control Inputs (CE, CS, Ao, 12/S, RlC) 
to Digital Common 
-o.SV 
to VLOGrc+O.5V 
Analog Inputs (ReI In, Bipolar Offset, 1DV,N) 
to Analog Common. 
. 
±16.SV 
2DVIN to Analog Common 
. 
±24V 


Ref Out 
Indefinite Short to Common, 


Momentary 
Short to Vcc 
Max Junction Temperature 
. 
+t6S0C 
Power Dissipation. 
. 
1000mW 


lead 
Temperature 
(soldering, 
1Os) 
+300°C 


Thermal 
Resistance, 
8JA: 
Ceramic 
SO°CNI 


Plastic.. 
. 
100"C1W 


p"<o""gt: 
fU.Jl.-II'IS. 
tlum-m 
duration 
is 160 hours 
at the 
temperature 
(or equivalent 
combination 
of time and tem- 
perature) 
indicated below: 
Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 
All units are 100% electrically 
tested after bum-in 
is com- 


pleted. 
To order 
bum-in, 
add "-BI" 
to the base 
model 


number (e.g. ADC774KP-BI). 
See Ordering Information 
for 
pricing. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


ADC774JP 
2S-Pin Plastic DIP 
215 
ADC774KP 
28-Pin 
Plastic DIP 
215 
ADC774JH 
28-Pin 
Ceramic 
DI P 
149 
ADC774KH 
28-Pin 
Ceramic 
DIP 
149 
ADC774SH 
28-Pin 
Ceramic 
DIP 
149 
ADC774TH 
28-Pin 
Ceramic 
DIP 
149 
ADC774JP-BI 
2S-Pin Plastic DIP 
215 
ADC774KP-BI 
2S-Pin Plastic DIP 
215 
ADC774JH-BI 
28·Pin 
Ceramic 
DIP 
149 
ADC774KH·BI 
28-Pin 
Ceramic 
DIP 
149 
ADC774SH-BI 
28-Pin 
Ceramic 
DIP 
149 
ADC774TH·BI 
28-Pin 
Ceramic 
DIP 
149 


LINEARITY 
TEMPERATURE 
ERROR MAX 
MODEL 
PACKAGE 
RANGE 
(TMINTOTMAX) 


ADC774JP 
Plastic DIP 
DOCTO +75°C 
±lLSB 


ADC774KP 
Plastic DIP 
DOCto +75°C 
±1I2LSB 


ADC774JH 
Ceramic 
DIP 
DOC to +7SOC 
±lLSB 


ADC774KH 
Ceramic 
DIP 
DOC to +7SoC 
±1/2LSB 


ADC774SH 
Ceramic 
DIP 
-55°C 
to +125°C 
±lLSB 


ADC774TH 
Ceramic 
DIP 
-55°C 
to +125°C 
±314LSB 


BURN·IN 
SCREENING 
OPTION 


See text for details. 


TEMPERATURE 
BURN·IN TEMP 


MODEL 
PACKAGE 
RANGE 
(160 HOURS~') 


ADC774JP-BI 
Plastic DIP 
DOC to +7SoC 
+S5"C 


ADC774KP-BI 
Plastic DIP 
DOCto +75°C 
+S5"C 


ADC774JH-BI 
Ceramic 
DIP 
DOC to +7SoC 
+12SoC 
ADC774KH-Bi 
Ceramic 
DIP 
DOCto +75°C 
+125°C 
ADC774SH-BI 
Ceramic 
DIP 
-55°C 
to + 125°C 
+12SoC 
ADC774TH·BI 
Ceramic 
DIP 
-55°C 
to +125°C 
+125°C 
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tions, Installation, 
Calibration refer to ADC574A data sheet 


or order PDS-835. 
The Burr-Brown 
ADC774 can be easily interfaced 
to most 
microprocessor 
systems 
and 
other 
digital 
systems. 
The 
microprocessor 
may take full control of each conversion, 
or 
the converter m.3Yoperate in a stand-alone 
mode, controlled 
only by the RlC input. Full control consists of selecting an 
8- or 12-bit conversion 
cycle, initiating the conversion, 
and 
reading the output data when ready---<:hoosing either 12 bits 
all at once, or 8 bits followed 
by 4 bits in a left-justified 
format. The five control inputs (12/8, CS, Ao, RlC, and CE) 
are all TIL-/CMOS-compatible. 
The functions 
of the con- 


trol inputs are described 
in Table I. The control 
function 
truth table is listed in Table ll. 


Read footnote 
5 to the Electrical 
Specifications 
table if 
using ADC774 
to replace the ID-774. 


For stand-alone 
operation, 
control 
of the converter 
is ac- 
complished 
by a single control line connected to RlC. In this 
mode CS and Ao are connected 
to digital common and CE 
and 12/8 are connected 
to VLOGIC (+5V). The output data 


are presented as l2-bit words. The stand-alone mode is used 
in systems 
containing 
dedicated 
input ports which do not 


require full bus interface capability. 


modes of operation; conversion 
can be initiated wit!! either 
positive 
or negative 
pulses. 
In either case the RlC pulse 
must remain low for a minimum 
of SOns. 
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FIGURE 
1. RlC Pulse Low-Outputs 
Enabled 
After Con- 
version. 
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FIGURE 
2. RlC Pulse High-Outputs 
Enabled Only While 
RlC Is High. 


PIN 
DESIGNATION 
DEFINITION 
FUNCTION 


CE (Pin 6) 
Chip Enable 
Must be high ("1") to either initiate a conversion 
or read output data. 0-1 edge may be used to initiate a 


(active high) 
conversion. 


CS (Pin 3) 
Chip Select 
Must be low ("0") to either initiate a conversion 
or read output data. 
1-0 edge may be used to initiate 


(active low) 
a conversion. 


RIG (Pin 5) 
Read/Convert 
Must be low ("0") to initiate either 8- or 12-bit conversions. 
1-0 edge may be used to initiate a 
("1". 
read) 
conversion. 
Must be high ("I") to read output data. 0-1 edge may be used to initiate a read operation. 


("0·· • convert) 


Ao (Pin 4) 
Byte Address 
In the start-convert 
mode, Aoselects 
B-bit (Ao= "1") or 12-bit (Ao= "0") conversion 
mode. When reading 
Short Cycle 
output data In two B-bit bytes, Ao : "0" accesses 
B MSBs (high byte) and Ao • "1" accesses 
4 LSBs and 
trailing "Os" (low byte). 


12/8 (Pin 2) 
Data Mode Select 
When 
reading output data, 
12/8 = "1" enables 
al112 output bits simultaneously. 
12/8 = ·0" will enable 
the 
("1": 
12 bits) 
MSBs or LSBs as determined 
by the Ao line. 
("0" • B bits) 


CE 
CS 
RlC 
1218 
Ao 
OPERATION 


0 
X 
X 
X 
X 
None 


X 
1 
X 
X 
X 
None 
t 
0 
0 
X 
0 
Initiate 12-bit conversion 
t 
0 
0 
X 
1 
Initiate 8·bit conversion 
1 
t 
0 
X 
0 
Initiate 12-bit conversion 


1 
t 
0 
X 
1 
Initiate 8·bit conversion 


1 
0 
t 
X 
0 
Initiate 12-bit conversion 


1 
0 
t 
X 
1 
Initiate 8·bit conversion 


1 
0 
1 
1 
X 
Enable 12-bit output 


1 
0 
1 
0 
0 
Enable 8 MSBs only 


1 
0 
1 
0 
1 
Enable 4 LSBs plus 4 
trailing zeros 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


t"RL 
Low RlC Pulse Width 
50 
ns 


105 
STS Delay from RIG 
200 
ns 


tHDA 
Data Valid After RlC Low 
25 
ns 


tHs 
STS Delay After Data Valid 
150 
375 
ns 


tHRH 
High RIG Pulse Width 
150 
ns 


tOOR 
Data Access Time 
150 
ns 
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Figure 1 illustrates timing when conversion 
is initiated by an 


R/C 
pulse 
which 
goes low and returns 
to the high state 
during the conversion. 
In this case, the three-state 
outputs 
go to the high-impedance 
state in response 
to the falling 
edge of R/C and are enabled for external access of the data 
after completion 
of the conversion. 
Figure 2 illustrates 
the 


timing when conversion 
is initiated by a positive RIC pulse. 


In this mode the output data from the previous conversion 
is 


enabled during the positive portion of R/C. A new conver- 
sion is started on the falling edge of RIC, and the three-state 
outputs 
return 
to the high-impedance 
state until the next 
occurrence 
of a high R/C pulse. Timing 
specifications 
for 


stand-alone 
operation 
are listed in Table III. 


CE---f. 


_ 
tssc[- 


CS~ 


'SRC 
---- 
----- 
tHSC 


RIG ~- 
t--------- 


FULLY CONTROLLED 
OPERATION 


Conversion 
Length 
Conversion 
length (8-bit or 12-bit) is determined 
by the state 


of the Ao input, which is latched upon receipt of a conver- 
sion start transition (described below). If Ao is latched high, 
the conversion 
continues 
for 8 bits. The full 12-bit conver- 


sion will occur if Ao is low. If all 12 bits are read following 
an 8-bit conversion, 
the 3 LSBs (DBO-DB2) 
will be low 
(logic 0) 
and DB3 will be high (logic 
1). Ao is latched 
because it is also involved in enabling the output buffers. No 
other control inputs are latched. 


I 
----'/-------\~-- 
CE 
_ 
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SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


!"sc 
STS Delay from CE 
60 
200 
ns 
t,.,c 
CE Pulse Width 
50 
30 
ns 
t.sc 
CS to CE Setup 
time 
50 
20 
ns 
l,.sc 
CS low during CE high 
50 
20 
ns 
tSAC 
RIG to CE setup 
50 
0 
ns 


k 
RIG low during CE high 
50 
20 
ns 
f...., 
Ao to CE setup 
0 
ns 
k 
Ao valid during CE high 
50 
20 
ns 
tc 
Conversion 
time 
12-bit cycle at 25'C 
7.5 
8.5 
)lS 


o to +75°C 
9.0 
~s 


-55°C 
to +125°C 
9.5 
~s 


8·bit cycle at 25°C 
5 
5.3 
~s 


o to +75'C 
5.6 
)lS 


-550 
to +125°C 
6 
)lS 


Read Mode 


too 
Access 
time from CE 
75 
150 
ns 


tHO 
Data valid after CE low 
25 
35 
ns 


t,., 
Outputtloat 
delay 
100 
150 
ns 
t.., 
CS to CE setup 
50 
0 
ns 
t,." 
RIG to CE setup 
0 
ns 
f,... 
CS valid after CE low 
0 
ns 
t,." 
RlC high after CE low 
0 
ns 
t",.,. 
Ao valid after CE low 
50 
ns 
t,., 
51'S -delay after 
data valid 
150 
375 
ns 


BURR-BROWN. 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
'1:11:1' 


The converter 
is commanded 
to initiate a conversion 
by a 
transiti~n 
occurring 
on any of three logic inputs (CE, CS, 
and R/C) as shown in Table II. Conversion 
is initiated by the 


last of the three to reach the required state and thus all three 
may be dynamically 
controlled. 
If necessary, 
all three may 
change state simultaneously, 
and the nominal delay time is 


the same regardless 
of which input actually 
starts conver- 
sion. If it is desired that a particular input establish the actual 
start of conversion, 
the other two should be stable a mini- 


mum of 50ns prior to the transition 
of that input. Timing 
relationships 
for start of conversion 
timing are illustrated in 


Figure 
3. The specifications 
for timing 
are contained 
in 
Table IV. 


The STATUS 
output indicates the current state of the con- 
verter 
by being 
in a high state only during 
conversion. 


During this time the three-state 
output buffers remain in a 


high-impedance 
state, and therefore 
data cannot 
be read 
during conversion. 
During this period additional 
transitions 


of the three digital inputs which control conversion 
will be 


ignored, 
so that conversion 
cannot be prematurely 
termi- 


nated or restarted. 
However, 
if Ao changes 
state after the 


beginning 
of conversion, 
any additional 
start conversion 


transition 
will latch the new state of Ao, possibly resulting 


in an incorrect conversion 
length (8 bits vs 12 bits) for that 
conversion. 


After conversion 
is initiated, the output data buffers remain 


in a high-impedance 
state until the jollowing 
four logic 
2 


conditions are simultaneously 
met: R/C high, STATUS low, 


CE high, and CS low. Upon satisfaction 
of these conditions 


the data lines are enabled 
according 
to the state of inputs 


12/8 and Ao. See Figure 4 and Table IV for timing relation 
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BURR - BROWN® 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
Number 10493 


High Speed 
ANALOG- TO-DIG~TAL CONVERTER 


• 
12-BIT 
RESOLUTION 


• 
LINEARITY 
ERROR: 
±O.120/0, max 


(C Grade) 


• 
NO MISSING 
CODES: 
-55°C 
to +125°C 


(S Grade) 


• 
HIGH SINAD 
RATIO: 
72dB 


• 
LOW HARMONIC 
DISTORTION: 
-73dB 


• 
CONVERSION 
TIME: 
500ns, 
8 Bits 


670ns, 
10 Bits 


1.5llS, 12 Bits 


Parallel 
Digital 
Output 


The 
ADC803 
is a high 
speed 
hybrid 
successive 
approximation 
analog-to-digital 
converter 
utilizing 


laser-trimmed 
thin film components. 


It is complete 
with 
internal 
reference, 
clock, 
and 
comparator, 
and is packaged 
in a 32-pin metal pack- 
age. Conversion 
time is set at the factory to I.S!JS. 


With user-adjusted 
conversion time set at I!JS,±ILSB 
accuracy can be achieved. The gain and offset errors 
may be externally 
trimmed to zero. 


Internal scaling resistors are provided for the selection 
of analog signal input ranges of OV to -IOV, 
±SV, 


and ±IOV. 


Output 
codes 
available 
are complementary 
binary 


for unipolar 
inputs 
and 
bipolar 
offset 
binary 
for 


bipolar 
inputs. 


All digital 
inputs 
and outputs 
are TTL-compatible. 


Power supply requirements 
are ±ISV and +SV. 


} 


Input 
g 
Range 


i!' 
Select 


"* 
II: 


Clock Rate Control 


o Clock Out 


Status 
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PARAMETER 


RESOLUTION 


INPUTS 


ANALOG 
Voltage Ranges: Bipolar 
Unipolar 
Impedance: -10V to OV, ±SV 
±10V 


DIGITAL 
Convert Command 
Logic Loading 


TRANSFER 
CHARACTERISTICS 


ACCURACY 
Gain Error (1) 
Offset Error1); 
Unipolar 
Bipolar 
Linearity Error: 


1.51lS Conversion Time 


1.01JS Conversion 
Time 
Differential Linearity Error: 


1.SjJS Conversion 
Time 
1.01JSConversion 
Time 
Inherent Quantization 
Error 


POWER SUPPLY SENSITIVITY 
Gain and Offset: +lSVDC 
-1SVDC 
+SVDC 
Conversion Time: +15VDC 
-lSVDC 
+SVDC 


CONVERSION 
TIME 
Factory Set 
Range of Adjustments 


DRIFT 
Gain 
Offset: Unipolar 
Bipolar 
Linearity Error 
-25°C 
to +85°C: 
1.51JS Conversion 
Time 


1.01JS Conversion 
Time 


-5SoC to +12SoC: 
1.71lSConversion Time, 
max(4) 


Differential Linearity Error 
-2SoC to +8SoC: 
1.5j.lS Conversion Time 


1.01lS Conversion 
Time 


-55°C 
to +125°C: 
1.71JS Conversion 
Time, 
max(4) 
Conversion Time 
No Missing Gode Temp. Range: 


1.SIJS Conversion 
Time 
1.71JS Conversion Time, max(4) 


OUTPUT 


DIGITAL 
DATA 
Parallel 
Output Codes: 
Unipolar 
Bipolar 
Output Drive 
Status 
Status Output Drive 
Internal Clock 
Clock Output Drive 
Frequency 
(without 
external 
clock 
adj.) 


AOC803CM 


TYP 
MAX 
I 
12 


ADC803BM 


TYP 


ADC803SM 


TYP 
MAX 


I 
12 


% 


%of FSR(2) 
% of FSR 


% of FSR 


% of FSR 
LSB 


% of FSR/%Vcc 
% of FSRI%Vcc 
% of FSRI%Voo 


%/%Vcc 
%/%Vcc 
%/%Voo 


ppm of FSRI"C 
ppm of FSRI"C 
ppm of FSRI"C 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
BURR-BROWN" 
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±S,±10 
Oto-10 
1.4 
2.4 


Negative pulse 50ns wide (min) trailing edge (0 to 1) initiates conversion. 


141 
I 
I 
I 
I 
I 


±0.04 
±0.1 
±O.OS 
±0.2 


±0.02 
±0.1 


±0.0036 
±O.OOOS 
±O.OOl 
±0.7 
None 
±0.8 


I 
I 
Complementary 
Straight Binary 
Bipolar Offset Binary 


6 
I 
I 
':'"r:T·· 


±O.08 
±0.2 
±O.07 
±0.3 
±0.2 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS (CONT) 


ADC803CM 
ADC803BM 
ADC803SM 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
REQUIREMENTS 
Power Consumption 


Rated Voltage: Analog (±Vccl 
±14.25 
±15 
±15.75 
VDC 


Digital (Voo) 
+4.75 
+5 
+5.25 
VDC 
Supply Drain: +15V 
+27 
+32 
mA 


-15V 
-38 
-55 
mA 
+5V 
+180 
+210 
mA 


TEMPERATURE 
RANGE (Ambient) 


Specification 
-25 
+85 
-55 
+125 
'C 
Storage 
-55 
+125 
'C 


• Same specification 
as for ADC803CM. 


NOTES: (1) Adjustable 
to zero. See Optional Gain and Offset Adjustment 
section. (2) FSR means Full Scale Range. For example, 
unit connected 
for ±1 OV has 
20V FSR. (3) See Optional Clock Rate Control section. For faster conversion 
time at less resolution, 
see section on External Short Cycle. (4) Conversion 
time is 
factory·set 
at approximately 
1.4~ 
at +25°C. As temperature 
increases, the conversion 
time increases. At +125°C the conversion 
time will be no more than 1.7J.LS. 
No Missing Codes is guaranteed 
over -55°C 
to +125°C provided the conversion 
time is allowed to increase with temperature. 


ADC803 dynamic perlormance 
characteristics 
are described in a report titled "Analogue-to-Digital 
Converter 
Pertormance 
Tests Using the Fast Fourier Transform- 


by R. A. Belcher, University College of Swansea, Wales, UK. (available from Burr-Brown 
on letterhead 
request). 


32 
Analog Common 


+15VDC Supply (+Vccl 


-15VDC 
Supply (-Vccl 


Bipolar Offset 


Analog Common 


sense 


Comparator In 


10V 


20V 


-15VDC 
Suppty (-Vcc> 


+5VDC Supply (Vool 


Digital Common 


+15VDC Supply (+Vccl 


Clock Rate Control 


Conver1 Command 


Clock Out 


ADC803 
X 
~ 
Q 


Basic Model Number 
---r-_-' 
J 


Pertormance 
Grade Code 
- 
B, C = -25°C 
to +85°C 
S = -55°C 
to +125°C 


Package Code --- 
--' 


M = Metal DIP 


Reliability Screening -----------------' 
a = Q-Screened 


Analog Supply Voltage To Analog Common 
±18V 


Digital Supply Voltage To Digital Common 
+7V 


Digital Controls 
Inputs. 
. 
+5.5V 
Analog Inputs.. 
. 
±15V 
Operating Temperature: 
Ambient 
+125°C 


Case 
+135°C 


Storage Temperature.. 
.. 
+125°C 
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Autocalibrating, 
4-Channel, 
12-Bit 
ANALOG-TO-DIGITAL 
CONVERTER 


• 
TOTAL UNADJUSTED 
ERROR:::; 1/2LSB 
OVER FULL TEMPERATURE 
RANGE 


• 
FOUR-CHANNEL 
INPUT MULTIPLEXER 


• 
LOW POWER: 10mW plus Power Down 
Mode 


• 
SINGLE 
SUPPLY: +SV 


• 
FAST CONVERSION 
TIME: 8.SJlS Including 


Acquisition 


• 
AUTOCAL: 
No Offset or Gain Adjust 


Required 


• 
UNIPOLAR 
INPUTS: OV to SV 


• 
MICROPROCESSOR-COMPATIBLE 
INTERFACE 
.INTERNALSAMPL~HOLD 


Address 
Latch and 


Decoder 


Calibration 


Microcontroller 


and Memory 


The ADC7802 
is a monolithic 
CMOS 
12-bit ND 
converter 
with internal samplelhold 
and four-channel 
multiplexer. 
An autocalibration 
cycle, occurring auto- 
matically 
at power on, guarantees 
a total unadjusted 
error within ±1I2LSB over the specified 
temperature 
range, eliminating 
the need for offset or gain adjust- 
ment. The 5V single-supply 
requirements 
and stan- 


dard CS, RD, and WR control signals make the part 
very easy to use in microprocessor 
applications. 
Con- 
version results are available in two bytes through an 8- 
bit three-state 
output bus. 


The ADC7802 is available in a 28-pin plastic DIP and 
28-lead PLCC, fully specified for operation 
over the 
industrial -40°C 
to +85°C temperature 
range. 
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ADC7802BP. 
ADC7802BN 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bits 


ANALOG 
INPUT 


Voltage 
Input Range 
VAEF+ = 5V, VREr 
= OV 
0 
5 
V 
Input Capacitance 
50 
pF 
On State Bias Current 
100 
nA 
Off State Bias Current 
TA = 25°C 
10 
nA 


TA = -40°C 
to +85°C 
100 
nA 
On Resistance 
Multiplexer 
2 
ill 
Off Resistance 
Multiplexer 
10 
MQ 


Channel Separation 
500Hz 
92 
dB 


REFERENCE 
INPUT 


For Specified 
Performance: 
VRE~ 
VREF+ 
~ VA 
5 
V 
VREr 
0 
V 


For Derated Performance: 
(1) 
VREF+ 
4.5 
VA 
V 


VREr 
0 
1 
V 
Input Reference 
Current 
VREt=+"= 5V, 
VREr 
= OV 
10 
100 
IlA 


THROUGHPUT 
TIMING 


Conversion 
Time With External Clock (Including 
ClK = 2MHz, 50% Duty Cycle 
8.5 
~s 
Multiplexer 
Settling Time and Acquisition 
Time) 
ClK = 1MHz, 50% Duty Cycle 
17 
~s 
ClK = 500kHz, 50% Duty Cycle 
34 
~s 


With Internal Clock Using 
TA = +25°C 
10 
~s 


Recommended 
Clock Components 
TA = -40°C 
to +85°C 
10 
~s 
Analog Signal Bandwidth 
(2) 
500 
Hz 
Slew Rate 
(2) 
8 
mV/~ 
Multiplexer 
Settling Time to 0.01 % 
460 
ns 
Multiplexer 
Access Time 
20 
ns 


ACCURACY 
Total Adjusted 
Error,(3) 
All Channels 
±112 
lSB 
Differential 
Nonlinearity 
±112 
lSB 
No Missing Codes 
Guaranteed 
Gain Error 
All Channels 
±1/4 
lSB 
Gain Error Drift 
Between Calibration 
Cycles 
±O.2 
ppm/·C 
Offset Error 
All Channels 
±1/4 
lSB 
Offset Error Drift 
Between Calibration 
Cycles 
±O.2 
ppmf'C 
Channel-to-Channel 
Mismatch 
±1/4 
lSB 
Power Supply Sensitivity 
VA = V D = 4.75V to 5.25V 
±1/8 
lSB 


DIGITAL 
INPUTS 


All Pins Other Than ClK: 
VIL 
0.8 
V 
V,H 
2.4 
V 
Input Current 
TA = +25°C, VIN = 0 to Va 
1 
IlA 


TA = -40°C 
to +85°C, V1N = 0 to Va 
10 
IlA 
ClK 
Input: VIL 
0.8 
V 
V,H 
3.5 
V 


III 
10 
~A 


I'H 
1.5 
mA 


I'H 
Power Down Mode (03 in SFR HIGH) 
100 
nA 


DIGITAL 
OUTPUTS 


VOL 
IS1NK = 1.6mA 
0.4 
V 
VQH 
ISOURCE= 200llA 
4 
V 
leakage 
Current 
High-Z State, VOUT= OV to Va 
±1 
IlA 
Output Capacitance 
High-Z State 
4 
15 
pF 


POWER SUPPLIES 
Supply Voltage for Specified 
Pertormance: 
VA 
4.75 
5 
5.25 
V 
Va 
VA ~ Va 
4.75 
5 
5.25 
V 
Supply Current: 
IA 
1 
2.5 
mA 


10 
logic 
Input Pins HIGH or lOW 
1 
2 
mA 


Power Dissipation 
WR = AD = Cs = BUSY = HIGH 
10 
mW 
Power Down Mode 
See Table III, Page 9 
50 
~W 


TEMPERATURE 
RANGE 


Specification 
-40 
+85 
·C 
Storage 
-il5 
+150 
·C 


NOTES: (1) For (VRE~) - (VAEr) as low as 4.5V, the total error will typically not exceed ±1 lSB. 
(2) Faster signals can be accurately converted by using an extemal 
sample/hold 
in front of the ADC7802. 
(3) After calibration 
cycle, without external 
adjustment. 
Includes gain (futl scale) error, offset error, integral 
nonlinearity, 


differential 
nonlinearity, 
and drift. 
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VA to Analog Ground. 
. 
. 
6.5V 
Vo to Digital Ground.. 
. 
6.5V 
Pin VA to Pin Vo . 
. 
±0.3V 
Analog 
Ground to Digital Ground 
±1V 
Control Inputs to Digital Ground 
. 
-o.3V 
to Vo + 0.3V 
Analog Input Voltage to Analog Ground 
-Q.3V to Vo + 0.3V 


Maximum 
Junction Temperature 
. 
1500C 
Internal 
Power Dissipation. 
.. 
875mW 


Lead Temperature 
(soldering, 
10s) 
+3000C 
Thermal 
Resistance, 
8JA:Plastic DIP .. 
. 
750CfW 


PLCC 
. 
75"C1W 


MAXIMUM 
SPECIFICATION 
TOTAL 
TEMPERATURE 
MODEL 
ERROR, LSB 
RANGE,oC 
PACKAGE 


ADC7B02BN 
±112 
-40 to +B5 
PLCC 
ADC7B02BP 
±112 
-40 
to +85 
Plastic DIP 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


ADC7B02BN 
2B-Pin PLCC 
251 
ADC7B02BP 
28-Pin 
Plastic DIP 
215 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omis&ions. 
BURR-BROWN 
aCQumOQ 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
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does not authorize or warrant 
any BURR· BROWN product for use in life support devices 
and/or systems. 
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PIN CONFIGURATIONS 


Top View 
DIP 


SFR 
28 
V. 


AINO 
AGND 


AIN1 
CAl 


AIN2 
A1 


AIN3 
AO 


VR.". 
ClK 


VREF- 
BUSY 


DGND 
HBE 


Vo 
WR 


D7 
cs 


D6 
RD 


D5 
DO 


D4 
D1 


D3 
14 
15 
D2 


PIN ASSIGNMENTS 


lCC 


N 
0 


Cl 


Z 
a: 
z I~ 
z 
Z 
LL 
>~ 
Cl 
;;: 
;;: 
;;: 
en 
« 


A1 


AO 


ClK 


BUSY 


HBE 


WR 


19 
CS 


'" 
.,. 
'" 
N 
0 
0 
lfil 
Cl 
Cl 
Cl 
Cl 
Cl 


AIN3 


VREF+ 


VAEF- 


DGND 


Vo 


D7 


D6 
11 


PIN # 
NAME 
DESCRIPTION 


1 
SFR 
Special 
Function 
Register. 
When 
connected 
to a microprocessor 
address 
pin, allows access 
to special functions 
through 
DO to 
07. 
See the sections 
discussing 
the Special 
Function Register. If not used, oonnect to DGND. 
This pin has an internal pull-down. 


2 to 5 
AINO to AIN3 
Analog 
inputs. Channel 
0 to channel 
3. 


6 
VR£F+ 
Positive 
voltage 
reference 
input. Normally 
+5V. Must be :s;VA," 


7 
VREF- 
Negative 
voltage 
reference 
input. Normally 
OV. 


8 
DGND 
Digital ground. DGND - OV. 


9 
Vo 
Logic supply voltage. 
Vo = +SV. Must be:s; VA and applied 
after 
VA," 


10 to 17 
DO to D7 
Data 
Bus Input/Output 
Pins. Normalty 
used to read output data. 
See section on SFR 
(Special 
Function 
Register) 
for other 
uses. 


When 
SFR 
is LOW 
I these function as follows: 


10 
D7 
Data 
Bit 7 if HBE is LOW; 
if HBE is HIGH, 
acts as converter 
status pin and is HIGH 
during conversion 
or calibration, 
goes 
LOW 
after the conversion 
is completed. 
(Acts as an inverted 
BUSY.) 
11 
D6 
Data Bit 6 if HBE is lOW; 
lOW 
if HBE is HIGH. 
12 
D5 
Data Bit 5 if HBE is lOW; 
lOW 
if HBE is HIGH. 


13 
D4 
Data Bit 4 if HBE is lOW; 
lOW 
if HBE is HIGH. 


14 
D3 
Data Bit 3 if HBE is lOW; 
Data Bit 11 (MSB) If HBE is HIGH. 


15 
D2 
Data Bit 2 if HBE is lOW; 
Data Bit 10 if HBE 
IS HIGH. 


16 
D1 
Data Bit 1 if HBE is lOW; 
Data Bit 9 it HBE is HIGH. 
17 
DO 
Data Bit 0 (lSB) 
if HBE is lOW; 
Data Bit 8 it HBE is HIGH. 


18 
RD 
Read 
Input. Active LOW; 
used to read the data outputs in combination 
with CS and HBE. 


19 
CS 
Chip Select 
Input. Active LOW. 


20 
WR 
Write Input. Active LOW; used to start a new conversion 
and to select an analog 
channel 
via address 
inputs AO and A 1 in 
combination 
with CS. The minimum 
WR pulse LOW 
width is 100ns. 


21 
HBE 
High Byte Enable. 
Used to select high or low data output byte in combination 
with CS and RD, or to select SFR. 


22 
BUSY 
BUSY 
is LOW 
during conversion 
or calibration 
BUSY 
goes HIGH 
after the conversion 
is completed. 


23 
ClK 
Clock Input. For internaVexternal 
clock operation. 
For external 
clock operation, 
connect 
pin 23 to a 74 HC-eompatible 
clock 
source. 
For internal clock operation, 
connect 
p n 23 per the clock operation 
description. 


24 to 25 
AO to A1 
Address 
Inputs. Used to select one of four analog 
input channels 
in combination 
with CS and WR. 
The address 
inputs are 


latched 
on the rising edge 
of WR or CS. 


A1 
AO 
Selected 
Channel 


lOW 
lOW 
AINO 


lOW 
HIGH 
AIN1 
HIGH 
lOW 
AIN2 


HIGH 
HIGH 
AIN3 


26 
CAl 
Calibration 
Input. A calibration 
cycle is initiated when CAL is LOW. 
The minimum 
pulse width of CAL is 100ns. 
If not used, 


connect 
to Vo. In this case calibration 
is only in liated at power on, or with SFR. 
This pin has an internal pull·up. 


27 
AGND 
Analog 
Ground. 
AGNO 
= ov. 


28 
V, 
Analog 
Supply. 
V",= +5V. 
Must be ~ Voand 
VREf+. 
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Or, Call CustomerService at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES 
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vs FREQUENCY 
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.t"\.LI\...../ 
QU'£' U~C~ LllC aUVaJILag~~ 
U1 aUvanceu \.,1VIV~ [eCnnOl- 
ogy 
(logic 
density, 
stable 
capacitors, 
precision 
analog 
switches, and low power consumption) 
to provide a precise 
12-bit analog-to-digital 
converter with on-chip sampling and 
four-channel 
analog-input 
multiplexer. 


The input stage consists 
of an analog multiplexer 
with an 
address latch to select from four input channels. 


The converter 
stage consists 
of an advanced 
successive 
approximation 
architecture 
using charge redistribution 
on a 
capacitor network to digitize the input signal. A temperature- 
stabilized 
differential 
auto-zeroing 
circuit is used to mini- 
mize offset errors in the comparator. This allows offset errors 
to be corrected during the acquisition phase of each conver- 
sion cycle. 


Linearity errors in the binary weighted main capacitor 
net- 
work 
are corrected 
using 
a capacitor 
trim 
network 
and 
correction factors stored in on-chip memory. The correction 
terms are calculated by a microcontroller 
during a calibration 
cycle, initiated either by power-up or by applying an external 
calibration signal at any time. During conversion, the correct 
trim capacitors are switched into the main capacitor array as 
needed to correct the conversion accuracy. This is faster than 
a complex digital error correction system, which could slow 
down the throughput 
rate. With all of the capacitors 
in both 
the main array and the trim array on the same chip, excellent 
stability is achieved, both over temperature 
and over time. 


For flexibility, 
timing circuits include both an internal clock 
generator 
and an input for an external clock to synchronize 
with external 
systems. 
Standard 
control signals and three- 
state input/output 
registers simplify interfacing ADC7802 to 
most micro-controllers, 
microprocessors 
or digital storage 
systems. 


Finally, 
this performance 
is matched 
with the low-power 
advantages 
of CMOS 
structures 
to allow a typical 
power 
consumption 
of lOmW. 


Figure 
I shows 
the 
simple 
circuit 
required 
to operate 
ADC7802 
in the Transparent 
Mode, 
converting 
a single 
input channel. A convert command on pin 20 (WR) starts a 
conversion. 
Pin 22 (BUSY) will output a LOW during the 
conversion 
process (including 
sample acquisition 
and con- 
version), 
and rises only after the conversion 
is completed. 
The two bytes of output data can then be read using pin 18 
(RD) and pin 21 (HBE). 


STARTING 
A CONVERSION 


A conversion 
is initiated on the rising edge of the WR input, 
with valid signals on AD, Al 
and CS. The selected 
input 
channel is sampled for five clock cycles, during which the 
comparator 
offset is also auto-zeroed 
to below 
1/4LSB of 
error. The successive 
approximation 
conversion 
takes place 
during clock cycles 6 through 
17. 


NC 
1 
SFR 
VA 


AI NO 
AGNO 


0·5V 
"- 
Input 
AIN1 
CAl 
100kn 
AIN2 
A1 


+5V 
AIN3 
AO 


VRE,+ 
ClK 


VREF""" 
BUSY 
-:- 
OGNO 
HBE 


Vo 
WR 


BUSY 
I Data Bit 7 
07 
CS 


I 


lOW 
: Data Bit 6 
D6 
RO 
Read Command 


I 


Data Bit 0 'Ot 
B"tB 
lOW 
: Data Bit 5 
05 
00 
(lSB) 
: 
a a 
I 


I 


lOW 
I Data Bit 4 
04 
01 
Data Bit 1 : Data Bit 9 
I 
I 
Data Bit11 I 0 t 
Bn 
(MSB) 
: 
a a 
I 
14 
03 
02 
15 
Data Bit 2 : Data Bit 10 


I 
-----+----~- 
-----1----- 


HBE Input: 
HBE Input 
HBE Input I HBE Input 


HIGH 
I 
lOW 
lOW 
I 
HIGH 


Figures 2 and 3 show the full conversion 
sequence 
and the 
timing to initiate a conversion. 


A calibration cycle is initiated automatically 
upon power-up 
(or after a power failure). Calibration can also be initiated by 
the user at any time by the rising edge of a minimum 
lOOns- 
wide LOW pulse on the CAL pin (pin 26), or by setting DI 
HIGH in the Special Function Register (see SFR section). A 
calibration command will initiate a calibration cycle, regard- 
less of whether a conversion 
is in process. During a calibra- 
tion cycle, convert commands 
are ignored. 


Calibration 
takes 168 clock cycles, and a normal conversion 
(17 clock 
cycles) 
is added 
automatically. 
For maximum 
accuracy, the supplies and reference need to be stable during 
the calibration procedure. To ensure that supply voltages and 
reference 
voltages 
have settled and are stable, an internal 
timer 
provides 
a waiting 
period 
of 42,425 
clock 
cycles 
between power-up/power-failure 
and the start of the calibra- 
tion cycle. 


READING 
DATA 


Data from the ADC7802 is read in two 8-bit bytes, with the 
Low byte containing 
the 8 LSBs of data, and the High byte 
containing 
the 4 MSBs of data. The outputs are coded in 
straight binary (with OV = 000 hex, 5V = FFF hex), and the 
data is presented in a right-justified 
format (with the LSB as 
the most right bit in the 16-bit word). Two read operations are 
required 
to transfer the High byte and Low byte, and the 
bytes are presented according to the input level on the High 
Byte Enable pin (HBE). 
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LOW, the output data will change to correspond 
to the HBE 
input. Figure 4 shows the timing for reading fLrst the Low 
byte and then the High byte. 
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TRANSPARENT 
MODE 


This is the default mode for AOC7802. 
In this mode, the 


conversion 
decisions 
from 
the successive 
approximation 
register are latched into the output register as they are made. 
Thus, the High byte (the 4 MSBs) can be read after the end 
of the ninth clock cycle 
(five clock 
cycles 
for the mux 


settling, sample acquisition and auto-zeroing 
of the compara- 
tor, followed 
by the four clock cycles for the 4MSB deci- 


sions.) The complete 
l2-bit data is available after BUSY has 
gone HIGH, or the internal status flag goes LOW (07 when 
HBE is HIGH). 


LATCHED 
OUTPUT 
MODE 


This mode is activated by writing a HIGH to DO and LOWs 
to 01 to 07 in the Special Function Register with CS and WR 
LOW and SFR and HBE HIGH. (See the discussion 
of the 
Special Function Register below.) 


In this mode, the data from a conversion 
is latched into the 
output 
buffers 
only after 
a conversion 
is complete, 
and 
remains there until the next conversion 
is completed. 
The 
conversion 
result is valid during the next conversion. 
This 
allows the data to be read even after a new conversion 
is 
started, for faster system throughput. 


TIMING 
CONSIDERATIONS 


Table I and Figures 3 through 8 show the digital timing of 
AOC7802 
under the various 
operating 
modes. 
All of the 
critical 
parameters 
are guaranteed 
over the full -400c 
to 
+85°C operating range for ease of system design. 


SPECIAL 
FUNCTION 
REGISTER 
(SFR) 


An internal register 
is available, 
either to determine 
addi- 


tional data concerning 
the AOC7802, 
or to write additional 
instructions 
to the converter. Access to the Special Function 


Register is made by driving SFR HIGH. 


SYMBOL 
PARAMETER 
(') 
MIN 
TYP 
MAX 
UNITS 


t, 
CS to WA Setup Time 
(2) 
a 
a 
a 
ns 


t, 
WR or CAl 
Pulse 
Width 
100 
ns 


t3 
Cs to WR Hold Time (') 
a 
a 
a 
ns 


t, 
WR to BUSY 
Propagation 
Delay 
20 
50 
150 
ns 


ts 
AO, AI, 
HBE, SFR Valid to WR Setup Time 
a 
ns 


t, 
AO, A1, HBE, SFR Valid to WR Hold Time 
20 
ns 


t, 
BUSY to Cs Setup Time 
a 
ns 


ta 
cs to RD Setup 
Time 
(2) 
a 
a 
a 
ns 


t, 
RD 
Pulse 
Width 
100 
ns 


t,. 
CS 
to RD 
Hold 
Time 
(2) 
a 
a 
a 
ns 


t" 
HBE, SFR to RD Setup Time 
50 
ns 


t" 
HBE, SFR to AD Hold Time 
a 
ns 


t'3 
RD to Valid Data (Bus Access Time) 
(3) 
80 
150 
ns 


t" 
AD to Hi-Z Delay (Bus Release Time) 
(3) 
90 
180 
ns 


t" 
AD to Hi-Z Delay For SFR (3) 
20 
60 
ns 


t" 
Data Valid to WR Setup Time 
100 
ns 


t" 
Data Valid to WR Hold Time 
20 
ns 


NOTES: 
(1) All input control signals are specified with tR1SE = ~ALL = 20n5 (10% to 90% of 5V) 
and timed from a voltage level of 1.6V. Data is timed from V 


VIL, 
~OH 
or Vex..-(2) The internal AD pulse is perfonned 
by a NOR wiring of CS and RD. The internal WR pulse is performed 
by a NOR wiring of CS and wt~: 


(3) FIgures 7 and 8 show the measurement 
circuits and pulse diagrams for testing transitions to and from Hi·Z states. 
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Table II shows the data in the Special Function Register that 
will be transferred 
to the output bus by driving HBE HIGH 
(with SFR HIGH) and initiating a read cycle (driving RD and 
CS LOW with WR HIGH as shown in Figure 4.) The Power 
Fail flag in the SFR is set when the power supply falls below 
about 3Y. The flag also means that a new calibration has been 
started, and any data written to the SFR has been lost. Thus, 
the ADC7802 will again be in the Transparent Mode. Writing 
a LOW to D5 in the SFR resets the Power Fail flag. The Cal 
Error flag in the SFR is set when an overflow occurs during 


PIN 
FUNCTION 
DESCRIPTION 


DO 
Mode Status 
If LOW, Transparent 
Mode enabled for 
data latches. If HIGH, Latched Output 
Mode enabled. 


D1 
CAL Flag 
If HIGH, calibration cycle in progress. 


D2 
Reserved for factory use. 


D3 
Power Down Status 
If HIGH, in Power Down Mode. 


D4 
Reserved for factory use. 


D5 
POWER FAIL Flag 
If HIGH, a power supply failure has 
occurred. (Supply fell below 3V.) 


D6 
CAL ERROR Flag 
If HIGH, an overflow occured during 
calibration. 


D7 
BUSY Flag 
If HIGH, conversion 
or calibration 
in 
progress. 


NOTE: These data are transferred to the bus when a read cycle is initiated 
with SFR and HBE HIGH. Reading the SFR with SFR HIGH and HBE LOW 
is reserved for factory use at this time, and will yield unpredictable 
data. 


calibration, 
which may happen in very noisy systems. 
It is 


reset 
by starting 
a calibration, 
and remains 
low after 
a 


calibration 
without an overflow 
is completed. 


Writing a HIGH to D3 in the FSR puts the ADC7802 
in the 
Power Down Mode. Power consumption 
is reduced to 50/lW 
and D3 remains HIGH. To exit Power Down Mode, either 
write a LOW to D3 in the SFR, or initiate a calibration 
by 


sending a LOW to the CAL pin or writing a HIGH to DJ. 
During 
Power 
Down Mode, a pulse on CS and WR will 


initiate a single conversion, 
then the ADC7802 will revert to 
power down. 


Table III shows how instructions 
can be transferred 
to the~ 


Special Function Register by driving HBE HIGH (with SFR"- 
HIGH) 
and initiating 
a write cycle 
(driving 
WR and CS 
LOW with RD HIGH.) The timing is shown in Figure 3. Note 
that writing to the SFR also initiates a new conversion. 


Table IV shows the functions of the various control lines on 
-- 
-- 


the ADC7802. The use of standard CS, RD and WR control 
signals 
simplifies 
use with most microprocessors. 
At the 


same time, flexibility 
is assured 
by availability 
of status 


information and control functions, both through the SFR and 
directly on pins. 


CSlWR 
SFRlHBE 
DO 
01 
03 
05 
07 
02ID41D6 


Enables Transparent 
Mode for Data Latches. 
LOW 
HIGH 
LOW 
X 
LOW 
X 
LOW 
LOW 


Enables Latched Output Mode for Data Latches. 
LOW 
HIGH 
HIGH 
X 
LOW 
X 
LOW 
LOW 


Initiates Calibration 
Cycle. 
LOW 
HIGH 
X 
HIGH 
LOW 
X 
LOW 
LOW 
Resets Power Fail flag. 
LOW 
HIGH 
X 
X 
LOW 
LOW 
LOW 
LOW 
Activates Power Down Mode 
LOW 
HIGH 
X 
X 
HIGH 
X 
LOW 
LOW 


NOTES: (1) In Power Down Mode, a pulse on CS and WR will initiate a single conversion, 
then the ADC7802 will revert to power down. (2) X means it can be 


either HIGH or LOW without affecting this action. Writing HIGH to D2, D3, D4 or D6, or writing with SFR HIGH and HBE LOW, may result in unpredictable 
behavior. 


These modes are reserved for factory use at this time. 


CS 
RO 
WR 
SFR 
HBE 
CAL 
BUSY 
OPERATION 


X 
X 
X 
X 
X 
Oi1 
X 
Initiates calibration 
cycle. 


X 
X 
X 
X 
x 
X 
0 
Conversion 
or calibration 
in process. Inhibits new conversion 
from starting. 
, 
X 
X 
X 
X 
1 
X 
None. Outputs in Hi-Z State. 


0 
1 
Oil 
0 
X 
1 
, 
Initiates conversion. 
0 
0 
1 
0 
0 
, 
X 
Low byte conversion 
results output on data bus. 


0 
0 
1 
0 
1 
1 
X 
High byte conversion 
results output on data bus. 


0 
, 
0 
1 
, 
, 
1 
Write to SFR and rising edge on WR initiates conversion. 
0 
0 
1 
1 
1 
1 
X 
Contents of SFR output on data bus. 
0 
1 
0 
1 
0 
1 
X 
Reserved for factory use. 


0 
0 
, 
1 
0 
, 
X 
Reserved for factory use. (Unpredictable 
data on data bus.) 
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From the typical performance curves, it is clear that ADC7802 
can accurately 
digitize signals up to 500Hz, but distortion 
will increase beyond this point. Input signals slewing faster 
than 8mV/J.lS can degrade 
accuracy. 
This is a result of the 
high-precision 
auto-zeroing 
circuit used during the acquisi- 


tion phase. For applications 
requiring 
higher signal band- 


width, any good external 
sample/hold, 
like the SHC5320, 
can be used. 


INPUT IMPEDANCE 


ADC7802 
has a very high 
input 
impedance 
(input 
bias 
current over temperature 
is lOOnA max), and a low 50pF 
input capacitance. 
To ensure a conversion accurate to 12 bits, 


the analog source must be able to charge the 50pF and settle 
within the first five clock cycles after a conversion 
is initi- 
ated. During this time, the input is also very sensitive to noise 
at the analog 
input, 
since 
it could 
be injected 
into the 


capacitor array. 
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In many applications, 
a simple passive 
low-pass 
filter as 


shown in Figure 9a can be used to improve signal quality. In 
this case, the source impedance needs to be less than 5kQ to 
keep the induced offset errors below I/2LSB, and to meet the 
acquisition time of five clock cycles. The values in Figure 9a 
meet these requirements, 
and will maintain 
the full power 
bandwidth 
of the system. For higher source impedances, 
a 
buffer like the one in Figure 9b should be used. 


1000 
~TOADC7802 


22nF 


""6 VREr 
(Normally OV) 


~,o,=~ 
6VREr 
(Normally OV) 


(b) Active Low Pass Fitter 
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than O.3V. 


The analog inputs are internally clamped to VA-To prevent 
damage to the ADC7802, 
the current that can flow into the 


inputs must be limited to 20mA. One approach is to use an 
external resistor in series with the input filter resistor. For 
example, a IkQ input resistor allows an overvoltage 
to 20V 
without damage. 


A IOJlF tantalum capacitor is recommended 
between VREr+ 


and VREr to insure low source impedance. These capacitors 
should be located as close as possible 
to the ADC7802 
to 


reduce dynamic errors, since the reference provides packets 
of current as the successive approximation 
steps are carried 


out. 


VREF+must not exceed VA-Although the accuracy is speci- 
fied with VREF+= 5V and VREr 
= OV, the converter 
can 
function with VREF+as low as 2.5V and VREr as high as IV. 
As long as there is at least a 2.5V difference between VREr+ 
and VREr, 
the absolute 
value of errors does not change 
significantly, 
so that 
accuracy 
will 
typically 
be within 


±ILSB. 
(1/2LSB for a 5V span is 61O~V, which is lLSB for 


a 2.5V span.) 


The power supply to the reference source needs to be consid- 
ered during system design to prevent VREr+ from exceeding 
(or overshooting) 
VA' particularly 
at power-on. 
Also, after 
power-on, 
if the reference 
is not stable within 42,425 clock 


cycles, an additional calibration 
cycle may be needed. 


POWER SUPPLIES 


The digital and analog power supply lines to the ADC7802 
should be bypassed with IOJlF tantalum capacitors 
as close 
to the part as possible. 
Although 
ADC7802 
has excellent 
power supply rejection, 
even for higher frequencies, 
linear 


regulated power supplies are recommended. 


Care should be taken to insure that Vo does not come up 
before 
VA' or permanent 
damage 
to the part may occur. 


Figure 10 shows a good supply approach, powering both VA 
and Vo from a clean linear supply, 
with the IOQ resistor 
between VAand V0 insuring that V0 comes up after VA-This 
is also a good method to further isolate the ADC7802 
from 


digital supplies 
in a system with significant 
switching 
cur- 


rents that could degrade the accuracy of conversions. 


GROUNDING 


To maximize 
accuracy 
of the ADC7802, 
the analog 
and 


digital grounds 
are not connected 
internally. 
These points 


should have very low impedance to avoid digital noise feed- 
ing back into the analog ground. The VREr pin is used as the 
reference point for input signals, so it should be connected 
directly to AGND to reduce potential noise problems. 


.•u,", .•..u •...u.JU) 
J •••.'iUu.vu 
IV UjlV~ 
ute; fiU\..../OU~ 
l:lOCK 
[rom an 


external source is shown in Figure I Ia. The external clock 
must provide 
a 0.8V max for LOW and a 3.5V min for 
HIGH, with rise and fall times that do not exceed 200ns. The 
minimum 
pulse width of the external clock must be 200ns. 


Synchronizing 
the conversion 
clock to an external 
system 


clock 
is recommended 
in microprocessor 
applications 
to 


prevent beat-frequency 
problems. 


Note that the electrical 
specification 
tables 
are based on 
using 
an external 
2MHz 
clock. 
Typically, 
the 
speCified. 
accuracy 
is maintained 
for clock frequencies 
between 
0.5 
and 2.2MHz. 


Figure 
II b shows how to use the internal clock generating 


circuitry. The clock frequency depends only on the value of 
the resistor, 
as shown 
in "Internal 
Clock 
Frequency 
vs 


RcLOCK" in the Typical Performance 
Curves section. 


SFR 
VA 


AINO 
AGNO 


AIN1 
CAl 


AIN2 
A1 


AIN3 
AO 


VR••.• 
ClK 


VREF"""" 
BUSY 


OGNO 
HBE 


Vo 
WA 


07 
CS 


06 
AO 


05 
DO 


D4 
D1 
16 


14 
D3 
D2 
15 


100 


+5V 
~ 
ToADC7802 
Pin 23 
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The clock generator can operate between 100kHz and 2MHz. 
With R = lOOkn, the clock frequency 
will nominally 
be 


800kHz. The internal clock oscillators 
may vary by up to 


20% from device to device, and will vary with temperature, 
as shown in the typical performance 
curves. Therefore, 
use 
of an external clock source is preferred in many applications 
where control of the conversion 
timing is critical, or where 
multiple converters 
need to be synchronized. 


Figure 12 shows a circuit to accurately and simply convert a 
bipolar ±SV input signal into a unipolar 0 to SV signal for 
conversion 
by the ADC7802, 
using a precision, 
low-cost 


complete difference 
amplifier, INAlOS. 


Figure 
13 shows a circuit to convert a bipolar ±lOV input 


signal into a unipolar 0 to SV signal for conversion 
by the 
ADC7802. 
The precision of this circuit will depend on the 
matching 
and tracking of the three resistors used. 


To trim this circuit for full 12-bit precision, R2 and R3 need 
to be adjustable 
over appropriate 
ranges. To trim, first have 
the ADC7802 
converting 
continually 
and apply +9.9927V 
(+IOV -l.SLSB) 
at the input. Adjust R3 until the ADC7802 
output toggles between the codes FFE hex and FFF hex. This 
makes R3 extremely close to R1. Then, apply -9.9976V 
(-lOV 
+ O.SLSB) at the input, and adjust R2 until the ADC7802 
output toggles between 000 hex and 001 hex. At each trim 
point, the current 
through the thi,d resistor will be almost 


zero, so that one trim iteration will be enough in most cases. 


More iterations may be required if the op amp selected has 
large offset voltage or bias currents, or if the +SV reference 
is not precise. 


This circuit can also be used to adjust gain and offset errors 
due to the components 
preceding the ADC7802, to match the 


performance 
of the self-calibration 
provided 
by the con- 


verter. 


INTERFACING 
TO MOTOROLA 
MICROPROCESSORS 


Figure 14 shows a typical interface to Motorola microproces- 
sors, while Figure IS shows how the result can be placed in 
register DO. 


A1-A23 
(AO-A19) 


MC68000 
(MC68008) 
_ 
AS 


DACK 


RIW 


Conversion 
is initiated by a write instruction decoded by the 


address decoder logic, with the lower two bits of the address 
bus selecting an ADC input channel, as follows: 


MOVE.W 
DO, ADC-ADDRESS 


The result of the conversion 
is read from the data bus by a 


read instruction 
to ADC-ADDRESS 
as follows: 


MOVEP.W 
$000 (ADC-ADDRESS), 
DO 


This puts the 12-bit conversion 
result in the DO register, as 
shown in Figure 
IS. The address decoder 
must pull down 
ADC_CS 
at ADC-ADDRESS 
to access the Low byte and 
ADC-ADDRESS 
+2 to access the High byte. 


INTERFACING 
TO INTEL MICROPROCESSORS 


Figure 16 shows a typical interface to Intel. 


A conversion 
is initiated 
by a write instruction 
to address 


ADC_CS. 
Data pins DOO and DOl 
select the analog input 
channel. The BUSY signal can be used to generate a micro- 
processor interrupt (lNT) when the conversion 
is completed. 


A read instruction 
from the ADC_CS 
address 
fetches 
the 
Low byte, and a read instruction from the ADC_CS address 
+2 fetches the High byte. 
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Intel 
Microprocessor 


Based 
Systems 


8085 
(101M) 


8086188 
801861188 
80286 
8031 
RD 


B051 


WR 
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BURR - BROWN® 
IElElI 


Microprocessor-Compatible 
Sampling 
CMOS ANALOG-to-DIGITAL CONVERTER 


• 
COMPATIBLE 
WITH ADC574 


• 
COMPLETE 
SAMPLING 
AID WITH 
REFERENCE, 
CLOCK AND 
MICROPROCESSOR 
INTERFACE 


• 
FAST ACQUISITION 
AND CONVERSION: 
251lS max 


• 
ELIMINATES 
EXTERNAL 
SAMPLE/HOLD 


IN MOST APPLICATIONS 


• 
GUARANTEED 
AC AND DC PERFORMANCE 


• 
SINGLE +5V SUPPLY OPERATION 


• 
LOW POWER: 100mW max 


• 
PACKAGE 
OPTIONS: 
0.6" and 0.3" DIPs, 


SOIC 


2QV Range 


lQV Range 


2.5V Reference 
Input 


2.5V Reference 
Output 
0 
_ 


The ADS574 
is a 12-bit successive 
approximation 
analog-to-digital 
converter 
using 
an 
innovative 
capacitor 
array (CDAC) 
implemented 
in low-power 
CMOS technology. 
This is a drop-in replacement 
for 
ADC574 
models 
in most applications, 
with internal 
sampling, much lower power consumption, 
and capa- 
bility to operate from a single +5V supply. 


The ADS574 is complete 
with internal clock, micro- 
processor 
interface, 
three-state 
outputs, 
and internal 
scaling resistors for input ranges of OV to + IOV, OV to 
+20V, ±5V, or ±IOV. The maximum throughput 
time 
for 12-bit conversions 
is 25llS over the full operating 


temperature 
range, including both acquisition and con- 


version. 


Complete user control over the internal sampling func- 
tion facilitates 
elimination 
of external 
sample/hold 
amplifiers 
in most existing designs. 


The ADS574 
requires +5V, with -12V 
or -15V 
op- 
tional, depending 
on usage. No +15V supply is re- 
quired. Available 
packages 
include 0.3" or 0.6" wide 
28-pin plastic DIPs and 28-pin SOICs. 


Parallel 
Data 
Output 


2.5V 


Reference 
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PARAMETER 
MIN 
TYP 
I 
MAX 
MIN 
TYP 
I 
MAX 
UNITS 
•••••• 


RESOLUTION 
I 
12 
I 
Bits 
It) 
(J) 
INPUTS 
0 
ANALOG 
I 
I 
I 
I 
I 
<C 
Voltage Ranges: Unipolar 
o to +10, 0 to +20 
V 


Bipolar 
±5, ±10 
V 


Impedance: 
o to +10V, ±5V 
15 
21 
k!l 


±10V, OV to +20V 
60 
84 
kQ 


DIGITAL 
(CE, CS, RlC, Ao, 12/8) 


Voltages: 
Logic 1 
+2.0 
+5.5 
V 
(J) 
Logic 0 
..{1.5 
+0.8 
V 
Current 
-5 
0.1 
+5 
~ 
I- 


Capacitance 
5 
pF 
Z 
TRANSFER 
CHARACTERISTICS 
W 


DC ACCURACY 
Z 


At +25°C 
0 
linearity 
Error 
±1 
±112 
LSB 
£:L 
Unipolar Offset Error (adjustable 
to zero) 
±2 
LSB 
Bipolar Offset Error (adjustable 
to zero) 
±10 
±4 
LSB 
:E 
Full-Scale Calibration 
Error 
(1) 
0 
(adjustable 
to zero) 
±O.25 
"loaf FS 
(2) 
0 
No Missing Codes Resolution 
(Diff. linearity) 
12 
12 
Bits 


T MIN to TMAX(3) 
Z 
Linearity Error 
±1 
±112 
LSB 
0 
FuU~Scale Calibration 
Error 
±O.47 
±0.37 
% of FS 
Unipolar Offset 
±4 
±3 
LSB 
!::: 
Bipolar Offset 
±12 
±5 
LSB 
No Missing Codes Resolution 
12 
12 
Bits 
(J)- 
AC ACCURACY 
(4' 
;:) 


Spurious 
Free Dynamic Range 
73 
78 
76 
dB 
0 
Total Harmonic 
Distortion 
-77 
-72 
-75 
dB 
Signal-to-Noise 
Ratio 
69 
72 
71 
dB 
0 


Signal-to-(Noise 
+ Distortion) 
Ratio 
68 
71 
70 
dB 
<C 
Intermodulation 
Distortion 
-75 


~ 


(F'N' = 10kHz, F'N>= 1105kHz) 


TEMPERATURE 
COEFFICIENTS 
(5) 
« 
Unipolar Offset 
±1 
ppmf'C 


Bipolar Offset 
±2 
ppml°C 
0 
Full-Scale 
Calibration 
±12 
ppml°C 


POWER SUPPLY 
SENSmVITY 
(J) 


Change in Full-Scale Calibration(6) 
a:: 


+4.75V 
< Voo < +5.25V 
±1/2 
LSB 
W 


CONVERSION 
TIME (Including 
Acquisition 
Time) 
I- 


tAC + te at 25°C: 
a:: 


8-Bit Cycle 
16 
18 
)1s 
W 


12-Bit Cycle 
22 
25 
)1S 
> 
12-Bit Cycle, TMIN to TMAX 
22 
25 
)1S 
Z 
SAMPLING 
DYNAMICS 
0 
Sampling 
Rate 
40 
kHz 
0 
Aperture 
Delay, tAP 
With VEE = +5V 
20 
ns 
0 
With VEE = OV to -15V 
40 
)1S 
< 


Aperture 
Uncertainty 
(Jitter) 
With VEE = +5V 
300 
ps, rms 
With VEE = OV to -15V 
30 
ns, rms 


OUTPUTS 


DIGITAL 
(DB" 
- DBa, STATUS) 
I 
I. 
'.. 
_, 
, 


Output Codes: Unipolar 
Unipolar Straight Binary (USB) 
Bipolar 
':'T·'~(~i 


Logic Levels: Logic 0 (IS1NK 
= 1.6mA) 


I 
I 
I 


V 
Logic 1 (ISOURCE 
= 500~) 
+2.4 
V 
Le8k8ge, 
Data Bits Only, 
High Z Stato 
-5 
0.1 
~ 
Capacitance 
5 
pF 
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For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


AOS574JElJP/JU 
AOS574KElKP/KU 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INTERNAL 
REFERENCE 
VOLTAGE 


Voltage 
+2.4 
+25 
+2.6 
V 
Source Current Available for External Loads 
0.5 
mA 


POWER SUPPLY 
REQUIREMENTS 


Voltage: VEE(7) 
-16.5 
Voo 
V 
Voo 
+4.5 
+5.5 
V 
Current: 
lEE(7) 
(VEE= -15V) 
-1 
mA 


100 
+13 
+20 
mA 
Power Dissipation 
(TMIN to T MAX) 
(VEE= OV to +5V) 
65 
100 
mW 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
'c 


Operating: 
-40 
+85 
'C 
Storage 
-<55 
+150 
'c 


·Same specification 
as ADS574JElJP/JU. 
NOTES: (1) With fixed son resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C. (2) FS in this specification 
table means Full Scale 


Range. That is, for a ±10V input range, FS means 20V; for a 0 to +1OV range, FS means 1OV. (3) Maximum 
error at TMIN and T MAX- 
(4) Based on using Vee = 


+SV, which starts a conversion 
immediately 
upon a convert command. 
Using Vee = OV to -15V 
makes the ADS574/ADS774 
emulate standard ADC574 operation. 


In this mode, the internal samplelhold 
acquires the input signal after receiving the convert command, 
and does not assume that the input level has been stable 
before the convert command arrives. 
(5) Using internal reference. (6) This is worst case change in accuracy from accuracy with a +5V supply. (7) VeE is optional, 


and is only used to set the mode for the internal sample/hold. 
When VEE = -15V, 
lee = -lmA 
typ; when Vee = OV, lEe= ±5J.lA typ; when Vee = +5V, lee = +1671J.A 
typo 


PAD 
FUNCTION 
PAD 
FUNCTION 


lA,lB 
Voo 
15 
Digital Common 
2 
12Jll 
16 
DBO (lSB) 
3 
CS 
17 
DBl 
4 
Aa 
18 
DB2 
5 
Ale 
19 
DB3 
6 
CE 
20 
DB4 
7 
NC 
21 
DB5 
8 
2.5V Ref Out 
22 
DB6 
9A,9B 
Analog Common 
23 
DB7 


10 
2.5 Ref In 
24 
DB8 
11 
VEE (Mode Control) 
25 
DB9 
12 
Bipolar Offset 
26 
OB10 
13 
10V Range 
27 
DB11 (MSB) 


14 
20V Range 
28 
Status 


MilS 
(0.001") 
MilLIMETERS 


Die Size 
172 x 142 ±5 
4.37x3.61 
±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10xO.l0 


Metalization 
Aluminum 
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+5VDC Supply 


(VDD) 


12/8 


--1 
Power·Up 
Reset 
I 


2.5V Ref 
Out 


Analog 
Common 


2.5V Ref 
In 


Bipolar 
Offset 


10V Range 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1' 


ADS574JE 
0.3" Plastic DIP 
246 
ADS574KE 
0.3" Plastic DIP 
246 
ADS574JP 
0.6" Plastic DIP 
215 
ADS574KP 
0.6- Plastic DIP 
215 
ADS574JU 
SOIC 
217 
ADS574KU 
SOIC 
217 


VEE to Digital 
Common 
+VOD 
to -16.5V 
Voa to Digital Common 
OV to +7V 


Analog 
Common 
to Digital 
Common 
±lV 
Control Inputs (CE, CS, An, 12/8, RIG) 
to Digital Common 
-o.5V 
to Voa +O.5V 
Analog Inputs (Ref In, Bipolar Offset, 10V'N ) 


to Analog 
Common 
±16.5V 
20V1N to Analog Common. 
.... ±24V 


Ref 
Out.. 
. 
Indefinite 
Short 
to Common, 


Momentary 
Short 
to V DO 


Max 
Junction 
Temperature 
+165°C 


Power 
Dissipation. 
. 
1000mW 


Lead 
Temperature 
(soldering,1 
Os) 
+300"C 


Thermal 
Resistance, 
6JA: 
Ceramic 
DIPs 
50°CfVII 
Plastic DIPs 
100·C/w 
SOIC 
100·C/W 


TEMPERATURE 
LINEARITY 
MODEL 
PACKAGE 
SINAD(l' 
RANGE 
ERROR 


ADS574JE 
0.3" Plastic DIP 
68 
O°Cto 
+70°C 
±lLSB 


ADS574KE 
0.3" Plastic DIP 
70 
DOC 
to +70°C 
±1/2LSB 


ADS574JP 
0.6" Plastic DIP 
68 
O°C to +70°C 
±1LSB 


ADS574KP 
0.6" Plastic DIP 
70 
O·Cto +70·C 
±1I2LSB 
ADS574JU 
SOIC 
68 
DOC to +70°C 
±1LSB 


ADS574KU 
SOIC 
70 
DOC to +70°C 
±lI2LSB 
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0 


-20 


iil 
--40 
~ 
" 
"0 
-60 
~ 
'".• 
::; 
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-100 


I 
S/(N + D) = 73.1dB 


I 
THD = -94.5dB 
- 
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10 


Frequency (kHz) 


10 
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m me AU;:';' 
/4, me aavamages 
or aavancea 
LMU;:> tecnnol- 
ogy-high 
logic density, stable capacitors, 
precision analog 
switches-and 
Burr-Brown's 
state of the art laser trimming 
techniques 
are combined 
to produce 
a fast, 
low power 
analog-to-digital 
converter 
with internal sample{hold. 


The charge-redistribution 
successive-approximation 
circuitry 
converts analog input voltages into digital words. 


A simple example of a charge-redistribution 
AID converter 
with only 3 bits is shown in Figure 
I. 


Precision 
laser-trimmed 
scaling resistors at the input divide 
standard 
input ranges (OV to +IOV, OV to +20V, ±5V or 
± IOV) into levels compatible with the CMOS characteristics 
of the internal capacitor 
array. 


SAMPLING 


While 
sampling, 
the capacitor 
array switch 
for the MSB 
capacitor 
(SI) is in position "S", so that the charge on the 
MSB capacitor 
is proportional 
to the voltage 
level of the 
analog input signal. The remaining 
array switches 
(S2 and 
S3) are set to position "G". Switch Sc is closed, setting the 
comparator 
input offset to zero. 


When a conversion command is received, switch SI is opened 
to trap a charge on the MSB capacitor 
proportional 
to the 
analog input level at the time of the sampling command, and 
switch Sc is opened to float the comparator input. The charge 
trapped in the capacitor array can now be moved between the 
three capacitors in the array by connecting switches S I' S2' and 
S3 to positions "R" (to connect to the reference) 
or "G" (to 
connect to GND), thus changing the voltage generated at the 
comparator 
input. 


During the first approximation, 
the MSB capacitor 
is con- 
nected through switch SI to the reference, while switches S2 
and S3 are connected 
to GND. Depending 
on whether the 
comparator 
output 
is HIGH or LOW, the logic will then 
latch 
SI in position 
"R" 
or "G". Similarly, 
the second 


comparator. After three successive approximation 
steps have 
been made the voltage level at the comparator 
will be within 
1/2LSB of GND, and a digital word which represents 
the 
analog input can be determined 
from the positions of S I' S2 


and S3' 


BASIC OPERATION 


Figure 2 shows the minimum circuit required to operate the" 
ADS574 
in a basic ±IOV range in the Control Mode (dis- 
cussed 
in detail in a later section.) 
The falling edge of a 
Convert Command 
(a pulse taking pin 5 LOW for a mini- 
mum of 25ns) both switches the ADS574 
input to the hold 
state and initiates 
the conversion. 
Pin 28 (STATUS) 
will 
output a HIGH during the conversion, and falls only after the 
conversion is completed and the data has been latched on the 
data output pins (pins 16 to 27.) Thus, the falling edge of 
STATUS 
on pin 28 can be used to read the data from the 
conversion. 
Also, during 
conversion, 
the STATUS 
signal 
puts the data output pins in a High-Z state and inhibits the 
input lines. This means that pulses on pin 5 are ignored, so 
that new conversions 
cannot be initiated during the conver- 
sion, either as a result of spurious signals or to short-cycle 
the ADS574. 


The ADS574 will begin acquiring a new sample as soon as 
the conversion 
is completed, 
even 
before 
the 
STATUS 
output falls, and will track the input signal until the next 
conversion 
is started. The ADS574 is designed to complete 
a conversion 
and accurately 
acquire 
a new signal in 25J.1S 
max 
over 
the full operating 
temperature 
range, 
so that 
conversions 
can take place at a full 40kHz. 


CONTROLLING 
THE ADS574 


The Burr-Brown 
ADS574 can be easily interfaced 
to most 
microprocessor 
systems 
and 
other 
digital 
systems. 
The 
microprocessor 
may take full control of each conversion, 
or 
the converter may operate in a stand-alone 
mode, controlled 
only by the R/C input. Full control consists of selecting an 
8- or 12-bit conversion 
cycle, initiating the conversion, 
and 
reading the output data when ready-<:hoosing 
either 12 bits 
all at once, or the 8 MSB bits followed by the 4 LSB bits in 
a left-justified 
format. The five control inputs (12/8, CS, Ao, 


RlC, and CE) are all TTL/CMOS-compatible. 
The functions 
of the control inputs are described 
in Table II. The control 
function truth table is shown in Table III. 


For stand-alone operation, control of the converter is accom- 
plished by a single control 
line connected 
to R/C. In this 
mode CS and Ao are connected 
to digital common 
and CE 
and 12/8 are connected 
to +5V. The output data are pre- 
semed as 12-bit words. The stand-alone 
mode IS used in 
systems 
containing 
dedicated 
input 
ports 
which 
do not 
require full bus interface capability. 
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Convert 
Command 
LJ 


±10V 
Analog 
Input 


"Not internally connected 
NOTE: (1) Connect to ground or VEE for 
emulation. 
Connect 
to +5 for control mode. 


CO.!1version is initiated 
by a HIGH-to-LOW 
transition 
of 
R/C. The three-state 
data output buffers are enabled when 
R/C is HIGH and STATUS 
is LOW. Thus, there are two 
possible modes of operation; 
data can be read with either a 


positive pulse on R/C, or a negative pulse on STATUS. 
In 


either case the R/C pulse must remain LOW for a minimum 
of 25ns. 


Figure 3 illustrates 
timing with an R/C pulse which goes 


LOW and returns HIGH during the conversion. 
In this case, 


the three-state 
outputs 
go to the high-impedance 
state in 


response 
to the falling 
edge of R/C and are enabled 
for 


external access of the data after completion 
of the conver- 


sion. 


Figure 4 illustrates the timing when a positive R/C pulse is 
used. In this mode the output data from the previous conver- 
sion 
is enabled 
during 
the time 
R/C 
is HIGH. 
A new 
conversion 
is started on the falling edge of R/C, and the 


three-state 
outputs return to the high-impedance 
state until 


the next occurrence of a HIGH R/C pulse. Timing specifica- 
tions for stand-alone 
operation 
are listed in Table IV. 


FULLY CONTROLLED 
OPERATION 


Conversion 
Length 


Conversion 
length (8-bit or 12-bit) is determined by the state 


of the Ao input, which is latched upon receipt of a conver- 
sion 
start 
transition 
(described 
below). 
If Ao is latched 
HIGH, the conversion 
continues 
for 8 bits. The full 12-bit 


conversion 
will occur if Ao is LOW. If all 12 bits are read 


following 
an 8-bit conversion, 
the 4LSBs (DBO-DB3) will 


be LOW (logic 0). Ao is latched because it is also involved 
in enabling 
the output buffers. No other control inputs are 
latched. 


The converter 
initiates 
a conversion 
based on a transition 
occurring on any of three logic inputs (CE, CS, and R/C) as 
shown in Table m. Conversion 
is initiated by the last of the 


three to reach the required 
state and thus all three may be 


dynamically 
controlled. 
If necessary, 
all three may change 
state simultaneously, 
and the nominal delay time is the same 


regardless of which input actually starts the conversion. 
If it 
is desired that a particular 
input establish the actual start of 


conversion, 
the other two should be stable a minimum 
of 


50ns prior to the transition 
of the critical 
input. 
Timing 


relationships 
for start of conversion 
timing are illustrated in 
Figure 
5. The specifications 
for timing 
are contained 
in 
Table V. 


The STATUS 
output indicates the current state of the con- 


verter 
by being 
in a high 
state only during 
conversion. 


During this time the three state output buffers remain in a 
high-impedance 
state, and therefore 
data cannot 
be read 
during conversion. 
During this period additional 
transitions 


of the three digital inputs which control conversion 
will be 


ignored, 
so that conversion 
cannot be prematurely 
termi- 
nated or restarted. 
However, 
if Ao changes 
state after the 


beginning 
of conversion, 
any additional 
start conversion 
transition will latch the new state of Ao, possibly resulting in 
an incorrect 
conversion 
length (8 bits vs 12 bits) for that 
conversion. 
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Binary 
(BIN) Output 
Input Voltage 
Range and LSB Values 


Analog 
Input 
Voltage 
Range 
Defined 
As: 
±10V 
+5V 
OV to +10V 
OV to +20V 


One Least Significant 
Bit 
FSR 
20V 
10V 
10V 
20V 


(LSB) 
2" 
2" 
2" 
2" 
2" 


n=8 
78.13mV 
39.06mV 
39.06mV 
78.13mV 
n = 12 
4.88mV 
2.44mV 
2.44mV 
4.88mV 


Output Transition 
Values 
FFEH 10FFFH 
+ Full-Scale 
Calibration 
+1OV - 312LSB 
+5V - 312LSB 
+1OV - 312LSB 
+1OV - 312LSB 
7FFFH to 800H 
Midscale 
Calibration 
(Bipolar Offset) 
o -1/2LSB 
0-1/2LSB 
+5V-1/2LSB 
±10V -1/2LSB 


OOOH to 001H 
Zero Calibration 
( - Full-Scale 
Calibration) 
-10V + 1I2LSB 
-5V + 1/2LSB 
o to +1I2LSB 
o to +1/2LSB 


DESIGNATION 


CE (Pin 6) 
Chip Enable 
(active high) 


Chip Select 
(active low) 


Read/Convert 
("1" = read) 
("0" = convert) 


Byte Address 
Short Cycle 
In the start-convert 
mode. Ao selects a-bit (Ao = "1") or 12-bit (Ao = ''OJ conversion 
mode. 
When 
reading 


output data in two a-bit bytes, Ao = "0" accesses 
8 MSBs 
(high byte) and Ao = "1" accesses 
4 LSBs and 
trailing "Os' (low byte). 


When 
reading 
output data, 
12/8 = "1" enables 
all 12 output bits simultaneously. 
12/8 = "0" will enable 
the 


MSBs 
or LSBs as determined 
by the Ao line. 


Data Mode Select 
("1" = 12 bits) 
("0' = 8 bits) 


CE 
Cs 
RlC 
12/8 
Ao 
OPERATION 


0 
X 
X 
X 
X 
None 
X 
1 
X 
X 
X 
None 
T 
0 
0 
X 
0 
Initiate 
12·bit conversion 
T 
0 
0 
X 
1 
Initiate 8·bit conversion 


1 
oj. 
0 
X 
0 
Initiate 
12·bit conversion 
1 
oj. 
0 
X 
1 
Initiate 8·bit conversion 
1 
0 


oj. 


X 
0 
Initiate 
12·bit conversion 
1 
0 


oj. 


X 
1 
Initiate 8-bit conversion 
1 
0 
1 
1 
X 
Enable 
12·bit output 
1 
0 
1 
0 
0 
Enable 8 MSBs only 


1 
0 
1 
0 
1 
Enable 4 LSBs plus 4 
trailing zeroes 


When 12/8 is LOW, the data is presented in the form of two 
8-bit bytes, with selection 
of the byte of interest 
accom- 


plished by the state of Ao during the read cycle. When Ao is 
LOW, the byte addressed contains the 8MSBs. When Ao is 
HIGH, 
the byte addressed 
contains 
the 4LSBs 
from the 


conversion 
followed 
by four logic zeros which have been 
forced by the control logic. The left-justified 
formats of the 


two 8-bit bytes are shown in Figure 7. Connection 
of the 


ADS574 to an 8-bit bus for transfer of the data is illustrated 
in Figure 8. The design of the ADS574 guarantees 
that the 


Ao input may be toggled at any time with no damage to the 
converter; 
the outputs which are tied together 
in Figure 8 
cannot be enabled at the same time. The Ao input is usually 
driven by the least significant 
bit of the address bus, allow- 


ing storage 
of the output 
data 
word in two consecutive 


memory locations. 


After conversion 
is initiated, the output data buffers remain 
in a high-impedance 
state until the following 
four logic 
conditions 
are simultaneously 
met: R/C HIGH, 
STATUS 
LOW, CE HIGH, and CS LOW. Upon satisfaction 
of these 
conditions the data lines are enabled according to the state of 
inputs 
12/8 and Ao. See Figure 6 and Table V for timing 
relationships 
and specifications. 


In most applications 
the 12/8 input will be hard-wired 
in 
either the high or low condition, although it is fully TIL and 
CMOS-compatible 
and may be actively 
driven if desired. 


When 
12/8 is HIGH, all 12 output lines (DBO-DBII) 
are 
enabled simultaneously 
forfull data word transferto 
a l2-bit 


or 16-bit bus. In this situation the Ao state is ignored when 
reading the data. 
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tHOR 
- -I 


0811-080 
Data valid> 


FIGURE 3. R/CPu!se Low-Outputs 
Enabled After Conver- 


sion. 


FIGURE 4. Ric Pulse High - 
Outputs Enabled Only While 


R/C Is High. 


The 
basic 
difference 
between 
these 
two 
modes 
is the 
assumptions 
about the state of the input signal both before 
and during 
the conversion. 
The differences 
are shown 
in 
Figure 9 and Table VI. In the Control Mode it is assumed 
that during the required 4J.lSacquisition time the signal is not 
slewing 
faster 
than 
the 
slew 
rate 
of the 
ADS574. 
No 
assumption 
is made about the input level after the convert 


command 
arrives, 
since the input signal 
is sampled 
and 
conversion 
begins immediately 
after the convert command. 


This means 
that a convert 
command 
can also be used to 
switch an input multiplexer 
or change gains on a program- 


mable 
gain amplifier, 
allowing 
the input 
signal to settle 


before the next acquisition 
at the end of the conversion. 


Because aperture jitter is minimized 
by the internal sample/ 


hold circuit, a high input frequency can be converted without 
an external sample/hold. 


In the Emulation 
Mode, no assumption 
is made about the 


input signal prior to the convert command. 
A delay time is 
introduced 
between the convert 
command 
and the star1 of 
conversion 
to allow the ADS574 enough time to acquire the 


input 
signal 
before 
converting. 
The 
delay 
increases 
the 
effective 
aperture 
time from O.02J.lSto 4J.lS,but allows the 
ADS574 to replace the ADC574 in any circuit. Any slewing 
of the analog input prior to the convert command 
in existing 


SYMBOL 
PARAMETER 
MIN 
TVP 
MAX 
UNITS 


"RL 
Low RlC Pulse Width 
25 
ns 


las 
STS Delay trom RIG 
200 
ns 


tHOR 
Data Valid After RlC Low 
25 
ns 


tHRH 
High RIG Pulse Width 
100 
ns 


tOOR 
Data Access 
TIme 
150 
ns 


SYMBOL 
PARAMETER 
MIN 
TVP 
MAX 
UNITS 


Convert 
Mode 


1050 
STS delay from CE 
60 
200 
ns 


"EC 
CE Pulse width 
50 
30 
ns 


tssc 
CS to CE setup 
50 
20 
ns 


tHSC 
CS low during CE high 
50 
20 
ns 


tsRc 
RIG to CE setup 
50 
0 
ns 
tHRC 
RlC low during CE high 
50 
20 
ns 


tsAc 
Ao to CE setup 
0 
ns 


ltiAc 
Ao valid during CE high 
50 
20 
ns 


Read Mode 


too 
Access 
time from CE 
75 
150 
ns 


tHO 
Data valid after CE low 
25 
35 
ns 


tHL 
Ql!tput float delay 
100 
150 
ns 
tSSR 
C~to 
CE setup 
50 
0 
ns 
tSRR 
RlC to CE setup 
0 
ns 


tSAR 
Ao to CE setup 
50 
25 
ns 


tHSR 
CS valid after CE low 
0 
ns 
tHRR 
RIG high after CE low 
0 
ns 
ltiAR 
Ao valid after CE low 
50 
ns 
tHs 
STC delay after data valid 
300 
400 
1000 
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Processor 


Converter 


BURR-BROWNe 
1E3E31 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


systems (due to multiplexers, 
sample/holds, 
etc. in front of 
the converter) 
does not affect the accuracy of the ADS574 
conversion 
in the Emulation 
Mode. 


In both modes, as soon as the conversion 
is completed 
the 
internal sample/hold 
circuit immediately 
begins slewing to 
track the input signal. 


Basically, the Control Mode is provided to allow full use of 
the internal sample/hold, 
eliminating 
the need for an exter- 
nal sample/hold 
in most applications. 
As compared 
with 


systems using separate sample/hold 
and NO, 
the ADS574 
in the Control Mode also eliminates 
the need for one of the 
control 
signals, 
usually 
the convert 
command. 
The com- 
mand that puts the internal sample/hold 
in the hold state also 
initiates a conversion, 
reducing 
timing constraints 
in many 
systems. 


The Emulation Mode allows the ADS574 to be dropped into 
almost all existing ADC574 sockets without changes to any 
other existing system hardware or software. The input to the 
ADS574 in the Emulation 
Mode does not need to be stable 
before a convert command is received, so that multiplexers, 
programmable 
gain amplifiers, 
etc., can be slewing quickly 


any time before a convert command 
is given as long as the 


analog 
input 
to the ADS574 
is stable 
after 
the convert 


command 
is received, as it needs to be in existing ADC574 


systems for accurate operation. 
In fact, even in the Emula- 


tion Mode, system throughput 
can be speeded up, since the 
input to the ADS574 can start slewing before the end of a 
conversion (after the acquisition time), which is not possible 
with existing ADC574s. 


INSTAllATION 


LAYOUT 
PRECAUTIONS 


Analog (pin 9) and digital (pin 15) commons 
are not con- 
nected 
together 
internally 
in the ADS574, 
but should 
be 


connected 
together as close to the unit as possible and to an 
analog common ground plane beneath the converter 
on the 
component 
side of the board. In addition, a wide conductor 
pattern should run directly from pin 9 to the analog supply 
common, and a separate wide conductor pattern from pin 15 
to the digital supply common. 


If the single-point 
system common 
cannot 
be established 
directly 
at the converter, 
pin 9 and pin 15 should still be 


connected together at the converter. A single wide conductor 
pattern then connects these two pins to the system common. 
In either case, the common return of the analog input signal 
should be referenced to pin 9 of the ADC. This prevents any 
voltage drops that might occur in the power supply common 
returns from appearing 
in series with the input signal. 


SIH CONTROL 
MODE 
ADC574 EMULATION 
MODE 
(Pin 11 Connected 
to +5V) 
(Pin 11 Connected 
to OV to-15V) 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


tAO+ 
te 
Throughput Time: 
12-bit Conversions 
22 
25 
22 
25 
~s 
a-bit Conversions 
16 
18 
16 
18 
~s 


te 
Conversion Time: 
12-bit Conversions 
18 
18 
~s 
8·bit Conversions 
12 
12 
~s 
tAO 
Acquisition Time 
4 
4 
~s 


tAP 
Aperture Delay 
20 
4000 
ns 


tJ 
Aperture Uncertainty 
0.3 
30 
ns 


RlC 
\..,''-- 
_ 


,,-', 


Signal 
I 
Acquisition-I tA~ 


_I 
tAP - 


Signal 
I 
Acquisition 
I 
I 
--I 
tAQ 
- 
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POWER SUPPLY 
DECOUPLING 


, 
I 
, 
, 
I 
I 
I 
, 
I 


1 
1 


Bipolar 
Offset 
Adjust 


, 
, 
, 
, 
I 
I 
I 
I 
I 
1 
I 


If the 
IOV analog 
input range 
is used (either 
bipolar 
or 
unipolar), 
the 20V range input (pin 14) should be shielded 
with ground plane to reduce noise pickup. 


Coupling 
between analog input and digital lines should be 
minimized 
by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected 
to common. 


If external full scale and offset potentiometers 
are used, the 


potentiometers 
and associated resistors should be as close as 


possible to the ADS574. 


On the ADS574, 
+5V (to Pin I) is the only power supply 


required for correct operation. 
Pin 7 is not connected 
inter- 


nally, so there is no problem 
in existing 
ADC574 
sockets 
where this is connected 
to +15V. Pin 11 (VEE) is only used 
as a logic input to select modes of control over the sampling 
r:! 


function 
as described 
above. 
When 
used 
in an existing 
it) 


ADC574 
socket, the -15V 
on pin II selects the ADC574 
en 


Emulation 
Mode. Since pin II is used as a logic input, it is 
C 


immune to typical supply variations. 
« 


The +5V supply should be bypassed 
with a IOIlF tantalum 
2 


capacitor 
located close to the converter 
to promote 
noise- 
free operations, 
as shown in Figure 2. Noise on the power 
supply lines can degrade the converter's 
performance. 
Noise 
and spikes from a switching 
power supply 
are especially 


troublesome. 


RANGE CONNECTIONS 


The ADS574 offers four standard input ranges: OV to + IOV, 
OV to +20V, ±5V, or ±I0V. 
Figures 
10 and II show the 
necessary 
connections 
for each of these ranges, along with 
the optional 
gain and offset trim circuits. 
If a IOV input 
range is required, 
the analog 
input signal should be con- 
nected to pin 13 of the converter. 
A signal requiring 
a 20V 
range is connected 
to pin 14. In either case the other pin of 


the two is left unconnected. 
Pin 
12 (Bipolar 
Offset) 
is 


connected 
either to Pin 9 (Analog 
Common) 
for unipolar 
operation, 
or to Pin 8 (2.5V 
Ref Out), 
or the external 
reference, for bipolar operation. Full-scale and offset adjust- 
ments are described 
below. 


The input impedance of the ADS574 is typically 84kQ in the 
20V ranges and 21kQ in the IOV ranges. 
This is signifi- 
cantly higher than that of traditional 
ADC574 architectures, 


reducing the load on the input source in most applications. 


Figure 
12 shows the resistor divider 
input structure 
of the 


ADS574. Since the input is driving a capacitor in the CDAC 
during acquisition, 
the input is looking 
into a high imped- 
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parator input node at virtual ground. 


To understand 
how this circuit 
works, 
it is necessary 
to 


know that the input range on the internal sampling capacitor 
is from OV to +3.33V, and the analog input to the ADSS74 
must be converted to this range. Unipolar 20V range can be 
used as an example of how the divider network functions. In 
20V operation, 
the analog input goes into pin 14. Pin 13 is 


left unconnected 
and pin 12 is connected to analog common 


pin 9. From 
Figure 
12, it is clear that the input to the 


capacitor 
array will be the analog input voltage on pin 14 
divided by the resistor network (68ill 
+ 68ill 
II l7ill). 
A 


20V input at pin 14 is divided 
to 3.33V at the capacitor 


array, while a OV input at pin 14 gives OV at the capacitor 
array. 


The main effect of the 10ill 
internal resistor on pin 12 is to 
provide offset adjust response the same as that of traditional 
ADCS74 architectures 
without needing to change the exter- 
nal trimpot values. 


SINGLE SUPPLY OPERATION 


The ADSS74 
is designed 
to operate 
from a single 
+SV 


supply, 
and handle 
all of the unipolar 
and bipolar 
input 
ranges, in either the Control Mode or the Emulation Mode as 
described 
above. Pin 7 is not connected 
internally. 
This is 


where +12V or +ISV is supplied on traditional 
ADCS74s. 


Pin 
II, 
the -12V 
or -ISV 
supply 
input 
on traditional 


ADCS74s, 
is used only as a logic input on the ADSS74. 


There is a resistor divider internally on pin II to reduce that 
input to a correct logic level within the ADSS74, 
and this 


resistor will add IOmW to ISmW to the power consumption 
of the ADSS74 
when 
-ISV 
is supplied 
to pin 
II. 
To 
minimize 
power consumption 
in a system, 
pin II 
can be 
simply grounded 
(for Emulation 
Mode) or tied to +SV (for 


Control Mode.) 


There are no other modifications 
required for the ADSS74 to 


function 
with a single +SV supply. 


OPTIONAL 
EXTERNAL 
FULL-SCALE 


AND OFFSET ADJUSTMENTS 


Offset and full-scale 
errors may be trimmed 
to zero using 


external offset and full-scale trim potentiometers 
connected 
to the ADSS74 as shown in Figures 
10 and II for unipolar 
and bipolar operation. 


CALIBRATION 
PROCEDURE- 
UNIPOLAR 
RANGES 


If external 
adjustments 
of full-scale 
and offset 
are 
not 
required, replace Rz in Figure 10 with a son, I% metal film 
resistor, omitting the other adjustment components. 
Connect 
pin 12 to pin 9. 


If adjustment 
is required, connect the converter as shown in 
Figure 10. Sweep the input through the end-point transition 
voltage (OV+ 1/2LSB; + 1.22m V for the 10V range, +2.44m V 
for the 20V range) that causes the output code to be DBO ON 
(HIGH). 
Adjust potentiometer 
R1 until DBO is alternately 


toggling ON and OFF with all other bits OFF. Then adjust 
full scale by applying an input voltage of nominal full-scale 
minus 3/2LSB, the value which should cause all bits to be 
ON. This value is+9.9963V 
for the IOV range and +19.9927V 


for the 20V range. Adjust potentiometer 
Rz until bits DBI- 
DB II are ON and DBO is toggling ON and OFF. 


CALIBRATION 
PROCEDURE-BIPOLAR 
RANGES 


If external 
adjustments 
of full-scale 
and bipolar 
offset are 


not required, 
replace 
the potentiometers 
in Figure 
II 
by 


son, I% metal film resistors. 


If adjustments 
are required, connect the converter as shown 
in Figure 
II. 
The calibration 
procedure 
is similar 
to that 
described above for unipolar operation, except that the offset 
adjustment 
is performed 
with an input voltage 
which 
is 


1/2LSB above the minus full-scale value (-4.9988V 
for the 
±5V range, -9.9976V 
for the ±IOV range). Adjust R1 for 
DBO to toggle ON and OFF with all other bits OFF. To 
adjust full-scale, 
apply a DC input signal which is 3/2LSB 
below the nominal plus full-scale value (+4.9963V 
for ±SV 
range, +9.9927V for ±IOV range) and adjust Rz for DBO to 
toggle ON and OFF with all other bits ON. 


The information 
provided herein is believed to be reliable; however, 
BURR~BROWNassumes 
no responsibility 
for inaccuracies 
oromissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and 
aU use of :!uch 
information 
shall 
be entirely 
at the user's 
own 
risk. 
Prices 
and 
specifications 
are 
subject 
to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR· BROWN product for use in life support devices 
and/or 
systems. 
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Microprocessor-Compatible 
Sampling 
CMOS ANALOG-to-DIGITAL CONVERTER 


• 
COMPATIBLE 
WITH ADC574, 
ADC674 AND 


ADC774 SOCKETS 


• 
COMPLETE 
SAMPLING 
AID WITH 
REFERENCE, 
CLOCK AND 
MICROPROCESSOR 
INTERFACE 


• 
FAST ACQUISITION 
AND CONVERSION: 
8.5J.l.Smax OVER TEMPERATURE 


• 
ELIMINATES 
EXTERNAL 
SAMPLElHOLD 
IN MOST APPLICATIONS 


• 
GUARANTEED 
AC AND DC PERFORMANCE 


• 
SINGLE +5V SUPPLY OPERATION 


• 
LOW POWER: 120mW max 


• 
PACKAGE 
OPTIONS: 
0.6" and 0.3" DIPs, 


SOIC 


20V Range 


10V Range 


2.5V 
Reference 
Input 


2.5V Reference 
Output 
0 


The ADS774 
is a 12-bit successive 
approximation 
analog-to-digital 
converter 
using 
an 
innovative 
capacitor 
array (CDAC) 
implemented 
in low-power 
CMOS technology. 
This is a drop-in replacement 
for 
ADCS74, 
ADC674, 
and ADC774 
models 
in most 
applications, with internal sampling, much lower power 
consumption, 
and the ability to operate from a single 


+SV supply. 


The ADS774 is complete 
with internal clock, micro- 
processor 
interface, 
three-state 
outputs, 
and internal 
scaling resistors for input ranges ofOV to +IOV, OV to 
+20V, ±SV, or ±lOV. The maximum throughput 
time 
is 8.S~ 
over the full operating 
temperature 
range, 
including 
both acquisition 
and conversion. 


Complete user control over the internal sampling func- 
tion facilitates 
elimination 
of external 
samplelhold 
amplifiers 
in most existing designs. 


The ADS774 
requires 
+SV, with -ISV 
optional. 
No 


+ISV supply is required. 
Available 
packages 
include 
0.3" or 0.6" wide 28-pin plastic DIP and 28-pin SOICs. 


Parallel 
Data 
Output 
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SPECIFICATIONS 


ADS774JElJP/JU 
ADS774KElKP/KU 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bits 


INPUTS 


ANALOG 
I 
I 
I 
I 
I 
Voltage Ranges: Unipolar 
o to +10, 0 to +20 
V 


Bipolar 
±5, ±10 
V 
Impedance: 
o to +10V. ±5V 
8.5 
12 
kil 
±10V. OV to +20V 
35 
50 
kil 


DIGITAL 
(CE. CS. RlC, Ac. 12/8) 
Voltages: 
Logic 1 
+2.0 
+5.5 
V 


Logic 0 
-0.5 
+0.8 
V 
Current 
-5 
0.1 
+5 
~A 
Capacitance 
5 
pF 


TRANSFER 
CHARACTERISTICS 


DC ACCURACY 
, 


At +25°C 


Linearity Error 
±1 
±112 
LSB 
Unipolar Offset Error (adjustable 
to zero) 
±2 
LSB 


Bipolar Offset Error (adjustable 
to zero) 
±10 
±4 
LSB 
Full-scale 
Calibration 
Error 
(1) 
±O.25 
% of FS 
(2) 
(adjustable 
to zero) 


No Missing Codes Resolution 
12 
12 
Bits 
TMIN to TMAJ( 
(3) 


Linearity Error 
±1 
±112 
LSB 


Full-Scale Calibration 
Error 
±O.47 
±O.37 
%of 
FS 


Unipolar Offset 
±4 
±3 
LSB 
Bipolar Offset 
±12 
±5 
LSB 


No Missing Codes Resolution 
12 
12 
Bits 


AC ACCURACY 
(4) 


Spurious 
Free Dynamic Range 
73 
78 
76 
dB 
Total Harmonic 
Distortion 
-77 
-72 
-75 
dB 
Signal-la-Noise 
Ratio 
69 
72 
71 
dB 
Signal-to-(Noise 
+ Distortion) 
Ratio 
68 
71 
70 
dB 
Intermodulation 
Distortion 
-75 
(F'N1 = 20kHz, F'N' = 23kHz) 


TEMPERATURE 
COEFFICIENTS 
(5) 
Unipolar Offset 
±1 
ppml°C 
Bipolar Offset 
±2 
ppmJOC 
Full-Scale 
Calibration 
±12 
ppmJOC 


POWER SUPPLY 
SENSITIVITY 


Change in Full-Scale Calibration(6) 


+4.7SV < Voo < +S.2SV 
Max Change 
±1/2 
LSB 


CONVERSION 
TIME (Including Acquisition 
Time) 
tAC + te at 25°C: 


8-Bit Cycle 
5.5 
5.9 
~s 


12-Bit Cycle 
7.5 
8 
~s 
12-Bit Cycle, TMINto TMAX: 
8 
8.5 
~s 


SAMPLING 
DYNAMICS 


Sampling 
Rate at 25°C 
125 
kHz 


TMIN to TMAX 
117 
kHz 
Aperture 
Delay, tAP 
With VEE = +SV 
20 
ns 
With VEE = OV to -15V 
1.6 
~s 
Aperture 
Uncertainty 
(Jitter) 
With VEE = +SV 
300 
ps, rms 
With VEE = OV to -15V 
10 
ns, rms 
Settling time to 0.01 % for 
1.4 
~s 


Full-Scale 
Input Change 
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SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


PARAMETER 


OUTPUTS 


DIGITAL 
(DB" 
- DBo, STATUS) 
Output Codes: Unipolar 
Bipolar 
Logic Levels: Logic 0 (ISINK= 1,6mA) 


Logic 1 (ISOURCE= 50011A) 


Leakage, Data Bits Only, High-Z State 
Capacitance 


Unipolar Straight Binary (USB) 
Bipolar Offset Binary (BOB) 
+0.4 


INTERNAL 
REFERENCE 
VOLTAGE 


Voltage 
Source Current Available for External Loads 


POWER SUPPLY 
REQUIREMENTS 


Voltage: Vee (7) 


Voo 
Current: 
lEE(7) 
(VEE= -15V) 


100 


Power Dissipation 
(TMIN to TMAX) 
(VEE = OV to +5V) 


TEMPERATURE 
RANGE 


Specification 
Operating: 
Storage Temperature 
Range 


Voo 
+5.5 


-1 
+15 
+24 


75 
120 


+70 
+85 
+150 


"Same specification 
as ADS774JElJP/JU. 


NOTES: (1) With fixed 500 resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C. (2) FS in this specification 
table means Full Scale 
Range. That is, for a ±10V input range, FS means 20V; for a 0 to +10V range, FS means 10V. (3) Maximum 
error at TMIN and TMAX- (4) Based on using Vee = 
+5V, which is the Control Mode. See the section "S/H Control Mode and ADCn4 
Emulation 
Mode." (5) Using internal reference. 
(6) This is worst case change 
in accuracy from accuracy with a +5V supply. (7) VEE is optional, and is only used to set the mode for the internal sample/hold. 
When VEE = -15V, 
lEE = -1mA 
typ; when VEE = OV, lEE= ±511Atyp; when VEE= +5V, lEE= +16711A typo 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Vee to Digital Common 
. 
+Voo to -16.5V 
Voo to Digital Common 
OV to +7V 
Analog Common to Digital Common 
±1V 
Control Inputs (CE, CS, Ao, 12/8, RIG) 


to Digital Common. 
. 
-Q.5V 
to Voo +0.5V 
Analog Inputs (Ref In, Bipolar Offset, 10V,.) 


to Analog Common 
±16.5V 
20V1N to Analog Common 
±24V 
Ref Out 
Indefinite Short to Common, 


Momentary Short to Voo 
Max Junction Temperature 
+165°C 
Power Dissipation 
1000mW 
Lead Temperature (soldering, 
1Os) 
+300°C 
Thermal Resistance, 6JA: Ceramic DIPs 
50°C/VIJ 


Plastic DIPs 
100'CIW 
SOIC 
100'CIW 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI1) 


ADS774JE 
28-pin 0.3" Plastic DIP 
246 


ADS774KE 
28-pin 0.3" Plastic DIP 
246 
ADS774JP 
28-pin 0.6" Plastic DIP 
215 
ADS774KP 
28-pin 0.6" Plastic DIP 
215 
ADS774JU 
28-pin SOIC 
217 
ADS774KU 
28-pin SOIC 
217 


TEMPERATURE 
LINEARITY 


MODEL 
PACKAGE 
SINADI1j 
RANGE 
ERROR 


ADS774JE 
0.3" Plastic DIP 
68dB 
O'C to +70'C 
±1LSB 


ADS774KE 
0.3" Plastic DIP 
70dB 
O°C to +70°C 
±1/2LSB 


ADS774JP 
0.6" Plastic DIP 
68dB 
O°C to +70°C 
±1LSB 


ADS774KP 
0.6" Plastic DIP 
70dB 
O°C to+70°C 
±1/2LSB 


ADS774JU 
SOIC 
68dB 
O°Cto +70°C 
±1LSB 


ADS774KU 
SOiC 
70dB 
aoc to+70°C 
±1/2LSB 
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(Voo) 


12/8 


2.5V Ref 
Out 


Analog 
Common 


2.5V Ref 


In 


Bipolar 


Offset 


10V Range 


PAD 
FUNCTION 
PAD 
FUNCTION 


1A,1B 
Voo 
15 
Digital 
Common 
2 
12/8 
16 
DBO (lSB) 


3 
CS 
17 
DB1 
4 
Ao 
18 
DB2 


5 
Ale 
19 
DB3 


6 
CE 
20 
DB4 


7 
NC 
21 
DB5 


8 
2.5V Ret Out 
22 
DB6 


9A,9B 
Analog 
Common 
23 
DB7 


10 
2.5 Ret In 
24 
DB8 


11 
V EE 
(Mode 
Control) 
25 
DB9 
12 
Bipolar 
Offset 
26 
DB10 


13 
10V Range 
27 
DB11 (MSB) 


14 
20V Range 
28 
Status 


MilS 
(0.001") 
MilLIMETERS 


Die Size 
172 x 142 ±5 
4.37 x 3.61 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.lOxo.1o 


Metalization 
Aluminum 
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TYPICAL PERFORMANCE CURVES 
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THEORY OF OPERATION 


In the ADS774, the advantages of advanced CMOS technol- 
ogy-high 
logic density, stable capacitors, 
precision analog 
switches-and 
Burr-Brown's 
state of the art laser trimming 
techniques 
are combined 
to produce 
a fast, 
low power 
analog-to-digital 
converter 
with internal sample/hold. 


The charge-redistribution 
successive-approximation 
circuitry 
converts analog input voltages into digital words. 


A simple example of a charge-redistribution 
AID converter 
with only 3 bits is shown in Figure 1. 


Precision 
laser-trimmed 
scaling resistors at the input divide 
standard 
input ranges (OV to +IOV, OV to +20V, ±5V or 
±IOV) into levels compatible with the CMOS characteristics 
of the internal capacitor 
array. 


SAMPLING 


While 
sampling, 
the capacitor 
array switch 
for the MSB 
capacitor 
(S,) is in position "S", so that the charge on the 
MSB capacitor 
is proportional 
to the voltage 
level of the 
analog input signal. The remaining 
array switches 
(Sz and 
S3) are set to position "G". Switch Sc is closed, setting the 
comparator 
input offset to zero. 


When a conversion command is received, switch S\ is opened 
to trap a charge on the MSB capacitor 
proportional 
to the 
analog input level at the time of the sampling command, and 
switch Sc is opened to float the comparator input. The charge 
trapped in the capacitor array can now be moved between the 
three capacitors in the array by connecting switches S\' Sz, and 
S3 to positions "R" (to connect to the reference) 
or "G" (to 
connect to GND), thus changing the voltage generated at the 
comparator 
input. 


During the first approximation, 
the MSB capacitor 
is con- 


nected through switch S \ to the reference, while switches 
Sz 
and S, are connected 
to GND. Depending 
on whether the 
comparator 
output 
is HIGH or LOW, the logic will then 


latch 
S\ 
in position 
"R" 
or "G". 
Similarly, 
the 
second 
approximation 
is made by connecting 
Sz to the reference and 
S3 to GND, and latching 
Sz according 
to the output of the 
comparator. 
After three successive approximation 
steps have 
been made the voltage level at the comparator 
will be within 
1/2LSB of GND, and a digital word which represents 
the 
analog input can be determined 
from the positions of S \' Sz 
and S3' 


BASIC OPERATION 
~ 


Figure 2 shows the minimum 
connections 
required to oper- __ 
ate the ADS774 in a basic ±IOV range in the Control Mode 
(discussed 
in detail in a later section.) The falling edge of a 
Convert Command 
(a pulse taking pin 5 LOW for a mini- 
mum of 25ns) both switches the ADS774 
input to the hold 
state and initiates 
the conversion. 
Pin 28 (STATUS) 
will 
output a HIGH during the conversion, 
and falls only after the 
conversion is completed and the data has been latched on the 
data output pins (pins 16 to 27.) Thus, the falling edge of 
STATUS 
on pin 28 can be used to read the data from the 
conversion. 
Also, during 
conversion, 
the STATUS 
signal 
puts the data output pins in a High-Z state and inhibits the 
input lines. This means that pulses on pin 5 are ignored, so 
that new conversions 
cannot be initiated during the conver- 


sion, either as a result of spurious signals or to short -cycle 
the ADS774. 


The ADS774 will begin acquiring a new sample as soon as 
the conversion 
is completed, 
even 
before 
the 
STATUS 
output falls, and will track the input signal until the next 
conversion 
is started. The ADS774 is designed to complete 
a conversion 
and accurately 
acquire a new signal in 8.5J.lS 
max 
over 
the 
full operating 
temperature 
range, 
so that 
conversions 
can take place at a full 117kHz. 


CONTROLLING 
THE ADS774 


The Burr-Brown 
ADS774 can be easily interfaced 
to most 
microprocessor 
systems 
and 
other 
digital 
systems. 
The 
microprocessor 
may take full control of each conversion, 
or 
the converter may operate in a stand-alone 
mode, controlled 
only by the RIC input. Full control consists of selecting an 
8- or 12-bit conversion 
cycle, initiating the conversion, 
and 
reading the output data when ready-------<:hoosingeither 12 bits 
all at once, or the 8 MSB bits followed by the 4 LSB bits in 
a left-justified 
format. The five control inputs (12/8, CS, Ao, 
RIC, and CE) are all TTL/CMOS-compatible. 
The functions 
of the control inputs are described 
in Table II. The control 
function truth table is shown in Table III. 


For stand-alone operation, control of the converter is accom- 
plished by a single control 
line connected 
to R/C. In thjs 
mode CS and Ao are connected 
to digital common 
and CE 
and 
12/8 
are 
connected 
to +5V. 
The 
output 
data 
are 
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Convert Command 
LJ 


±10V 
Analog 
Input 
*Not internally connected 
NOTE: (1) Connect to GND or VEE for 
Emulation Mode. Connect to +SV for 
Control Mode. 


presented as l2-bit words. The stand-alone 
mode is used in 


systems 
containing 
dedicated 
input 
ports 
which 
do not 


require full bus interface capability. 


Conversion 
is initiated 
by a HIGH-to-LOW 
transition 
of 


R/C. The three-state 
data output buffers are enabled when 
R/C is HIGH and STATUS 
is LOW. Thus, there are two 
possible modes of operation; 
data can be read with either a 
positive pulse on R/C, or a negative pulse on STATUS. 
In 
either case the R/C pulse must remain LOW for a minimum 
of 2Sns. 


Figure 
3 illustrates 
timing with an R/C pulse which goes 


LOW and returns HIGH during the conversion. 
In this case, 


the three-state 
outputs 
go to the high-impedance 
state in 
response 
to the falling 
edge of R/C and are enabled 
for 


external access of the data after completion 
of the conver .. 


sion. 


Figure 4 illustrates the timing when a positive R/C pulse is 
used. In this mode the output data from the previous conver .. 
sion 
is enabled 
during 
the time R/C 
is HIGH. 
A new 
conversion 
is started on the falling edge of R/C, and the 


three-state 
outputs return to the high-impedance 
state until 


the next occurrence of a HIGH R/C pulse. Timing specifica .. 
tions for stand-alone 
operation 
are listed in Table IV. 


FULLY CONTROLLED 
OPERATION 


Conversion 
Length 
Conversion length (8-bit or l2-bit) is determined by the state 
of the An input, which is latched upon receipt of a conver .. 
sion 
start transition 
(described 
below). 
If Ao is latched 


HIGH, the conversion 
continues 
for 8 bits. The full 12-bit 


conversion 
will occur if Ao is LOW. If all 12 bits are read 


following 
an 8-bit conversion, 
the 4LSBs (DBO-DB3) will 
be LOW (logic 0). Ao is latched because it is also involved 
in enabling 
the output buffers. No other control inputs are 


latched. 


The converter 
initiates 
a conversion 
based on a transition 
occurring on any of three logic inputs (CE, CS, and R/C) as 
shown in Table III. Conversion 
is initiated by the last of the 
three to reach the required 
state and thus all three may be 
dynamically 
controlled. 
If necessary, 
all three may change 
state simultaneously, 
and the nominal delay time is the same 
regardless of which input actually starts the conversion. 
If it 
is desired that a particular 
input establish the actual start of 
conversion, 
the other two should be stable a minimum 
of 
SOns prior to the transition 
of the critical 
input. Timing 
relationships 
for start of conversion 
timing are illustrated 
in 
Figure 
S. The specifications 
for timing 
are contained 
in 
Table V. 


The STATUS output indicates the current state of the con- 
verter 
by being 
in a high state 
only during 
conversion. 
During this time the three state output buffers remain in a 
high-impedance 
state, and therefore 
data cannot 
be read 
during conversion. 
During this period additional 
transitions 


of the three digital inputs which control conversion 
will be 
ignored, 
so that conversion 
cannot be prematurely 
termi- 
nated or restarted. 
However, 
if Ao changes 
state after the 
beginning 
of conversion, 
any additional 
start conversion 
transition will latch the new state of Ao, possibly resulting in 
an incorrect 
conversion 
length (8 bits vs 12 bits) for that 
conversion. 
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Analog Input Voltage Range 
Defined 
As: 
±10V 
±5V 
OV to +10V 
OVto +20V 


One Least Significant 
Bit 
FSR 
20V 
10V 
10V 
20V 
(LSB) 
2" 
2" 
2" 
2" 
2" 


n=8 
78.13mV 
39.06mV 
39.06mV 
78.13mV 


n = 12 
4.88mV 
2.44mV 
2.44mV 
4.88mV 


Output Transition 
Values 


FFEH to FFFH 
+ Full-Scale 
Calibration 
+10V - 312LSB 
+5V-312LSB 
+1OV - 312LSB 
+20V - 312LSB 


7FFFH to 800H 
Midscale 
Calibration 
(Bipolar Offset) 
OV -1/2LSB 
OV-1/2LSB 
+5V-1/2LSB 
+10V -1/2LSB 


OOOH to 001H 
Zero Calibration 
( - Full-Scale 
Calibration) 
-10V 
+ 1/2LSB 
-5V + 1/2LSB 
OV +1/2LSB 
OV +1I2LSB 


Chip Enable 


(active 
high) 


Chip Select 
(active low) 


Read/Convert 
("1"= read) 
("0" = convert) 


Byte Address 
Short Cycle 
In the start-convert 
mode, Ao selects a-bit (Ao = "1") or 12-bit <Ao = "0") conversion 
mode. When 
reading 


output data in two 8-bit bytes. Ao = "0" accesses 8 MSBs (high byte) and Ao = "1" accesses 4 LSBs and 
trailing "Os" (low byte). 


When 
reading output data, 
12/8 = "1" enables 
al112 output bits simultaneously. 
12/8 = "0" will enable 
the 


MSBs or LSBs as determined 
by the Ao line. 


Data Mode Select 
("1"= 12 bits) 
("0" = B bits) 


CE 
cs 
Ale 
12iii 
Ao 
OPERATION 


0 
X 
X 
X 
X 
None 


X 
1 
X 
X 
X 
None 
t 
0 
0 
X 
0 
Initiate 12-bit conversion 


t 
0 
0 
X 
1 
Initiate B-bit conversion 


1 
oj. 
0 
X 
0 
Initiate 
12·bit 
conversion 
1 
oj. 
0 
X 
1 
Initiate a-bit conversion 


1 
0 


oj. 


X 
0 
Initiate 12·bit conversion 


1 
0 


oj. 


X 
1 
Initiate a-bit conversion 


1 
0 
1 
1 
X 
Enable 12~bitoutput 


1 
0 
1 
0 
0 
Enable 8 MSBs oniy 


1 
0 
1 
0 
1 
Enable 4 LSBs plus 4 
trailing zeroes 


When 12/8 is LOW, the data is presented in the form of two 
8-bit bytes, with selection 
of the byte of interest 
accom- 


plished by the state of Ao during the read cycle. When Ao is 
LOW, the byte addressed contains the 8MSBs. When Ao is 
HIGH, 
the byte addressed 
contains 
the 4LSBs 
from the 


conversion 
followed 
by four logic zeros which have been 
forced by the control logic. The left-justified 
formats of the 


two 8-bit bytes are shown in Figure 7. Connection 
of the 


ADS774 to an 8-bit bus for transfer of the data is illustrated 
in Figure 8. The design of the ADS774 guarantees 
that the 


Ao input may be toggled at any time with no damage to the 
converter; 
the outputs which are tied together 
in Figure 8 


cannot be enabled at the same time. The Ao input is usually 
driven by the least significant 
bit of the address bus, allow- 


ing storage 
of the output 
data word 
in two consecutive 


memory locations. 


After conversion 
is initiated, the output data buffers remain 
in a high-impedance 
state until the following 
four logic 
conditions 
are simultaneously 
met: R/C HIGH, 
STATUS 
LOW, CE HIGH, and CS LOW_ Upon satisfaction 
of these 
conditions the data lines are enabled according to the state of 
inputs 
12/8 and Ao. See Figure 6 and Table V for timing 
relationships 
and specifications. 


In most applications 
the 12/8 input will be hard-wired 
in 


either the HIGH or LOW condition, 
although it is fully TTL 
and CMOS-compatible 
and may be actively 
driven if de- 
sired. When 12/8 is HIGH, all 12 output lines (DBO-DBIl) 
are enabled simultaneously 
for full data word transfer to a 


12-bit or 16-bit bus. In this situation the Ao state is ignored 
when reading the data. 


BURR-BROWN_ 
113131 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


tHDA-I 
DB11-DBO 
-D-at-a-v-a-lid~) 


FIGURE 3. R/CPulse Low-Outputs 
Enabled After Conver- 


sion. 


~-Rkf- 


STATUS 
I 
I 
I 
I 
~~-tCONVERSION-=t- 


~~ 
_ tHDA_ 


H~ 
" 
High-Z-State 
DB11-~ 
Data Valid / 


FIGURE 4. R/C Pulse High - 
Outputs Enabled Only While 
R/C Is High. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


tHAL 
Low RlC Pulse Width 
25 
ns 


tDS 
STS Delay trom RIG 
200 
ns 


tHOA 
Data Valid After RIG Low 
25 
ns 


tHAH 
High RIG Pulse Width 
100 
ns 


tOOA 
Data Access 
Time 
150 
ns 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


Convert 
Mode 


tosc 
STS delay from CE 
60 
200 
ns 


tHEC 
CE Pulse width 
50 
30 
ns 


tssc 
Cs to CE setup 
50 
20 
ns 


tHSC 
Cs low during CE high 
50 
20 
ns 


tSRC 
RIG to CE setup 
50 
0 
ns 


tHRC 
RIG low during CE high 
50 
20 
ns 


tSAC 
Ao to CE setup 
0 
ns 


tHAC 
Ao valid during CE high 
50 
20 
ns 


Read Mode 


tDo 
Access 
time from CE 
75 
150 
ns 


tHO 
Data valid after CE low 
25 
35 
ns 
tHL 
Output float delay 
100 
150 
ns 


tSSA 
CS to CE setup 
50 
0 
ns 


tSAA 
RIG to CE setup 
0 
ns 


tSAR 
Ao to CE setup 
50 
25 
ns 
tHSA 
C'S valid after CE low 
0 
ns 


tHAA 
RIG high after CE low 
0 
ns 


tHAA 
Ao valid after CE tow 
50 
ns 


4<s 
STATUS delay after data valid 
75 
150 
375 
ns 
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Processor 


Converter 


SIH CONTROL 
MODE 
AND ADCn4 
EMULATION 
MODE 


The Emulation Mode allows the ADS774 to be dropped into 
most existing 
ADC774 
sockets 
without 
changes 
to other 
system hardware or software. In existing sockets, the analog 
input is held stable during 
the conversion 
period 
so that 
accurate conversions 
can proceed, but the input can change 
rapidly at any time before the conversion 
starts. The Emula- 


tion Mode uses the stability of the analog input during the 
conversion period to both acquire and convert in a maximum 
of 8~ 
(8.5~ 
over temperature.) 
In fact, system throughput 
can be increased, 
since the input to the ADS774 
can start 
slewing before the end of a conversion 
(after the acquisition 
time), which is not possible with existing ADC774s. 


The Control 
Mode 
is provided 
to allow 
full use of the 
internal 
sample/hold, 
eliminating 
the need for an external 


sample/hold 
in most applications. 
As compared 
with sys- 


tems using separate 
samplelhold 
and AID, the ADS774 
in 
the Control 
Mode also eliminates 
the need for one of the 


control 
signals, 
usually 
the convert 
command. 
The com- 


mand that puts the internal 
sample/hold 
in the hold state 
also initiates 
a conversion, 
reducing 
timing constraints 
in 
many systems. 


The 
basic 
difference 
between 
these 
two 
modes 
is the 
assumptions 
about the state of the input signal both before 
and during 
the conversion. 
The differences 
are shown 
in 
Figure 9 and Table VI. In the Control Mode, it is assumed 
that during the required 
1.4~ 
acquisition 
time the signal is 


not changing faster than the ADS774 can track. No assump- 


tion is made about the input level after the convert command 
arrives, 
since the input signal is sampled 
and conversion 
begins immediately 
after the convert command. This means 


that a convert command can also be used to switch an input 
multiplexer 
or change gains on a programmable 
gain ampli- 
fier, allowing 
the input 
signal 
to settle 
before 
the next 
acquisition 
at the end of the conversion. 
Because 
aperture 
jitter is minimized 
in the Control Mode, a high input fre- 
quency can be converted 
without an external sample/hold. 


In the Emulation 
Mode, a delay time is introduced 
between 
the convert command and the start of conversion to allow the 
ADS77 4 enough 
time to acquire 
the input 
signal before 
converting. 
This increases the effective aperture delay time 
from 0.02~ 
to 1.6~, 
but allows the ADS774 to replace the 
ADC774 
in most circuits 
without 
additional 
changes. 
In 
designs where the input to the ADS774 is changing rapidly 
in the 200ns prior to a convert 
command, 
system perfor- 
mance may be enhanced by delaying the convert command 
by 200ns. 


When using the ADS774 in the Emulation 
Mode to replace 
existing converters 
in current designs, a sample/hold 
ampli- 
fier often precedes 
the converter. 
In these cases, no addi- 
tional delay in the convert 
command 
will be needed. The 
existing sample/hold 
will not be slewing excessively 
when 
going from the sample mode to the hold mode prior to a 
conversion. 


In both modes, as soon as the conversion 
is completed 
the 
internal sample/hold 
circuit immediately 
begins slewing to 


track the input signal. 
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LAYOUT 
PRECAUTIONS 


Analog (pin 9) and digital (pin 15) commons 
are not con- 


nected 
together 
internally 
in the ADS774, 
but should be 
connected together as close to the unit as possible and to an 
analog common ground plane beneath the converter on the 
component 
side of the board. In addition, a wide conductor 


pattern should run directly from pin 9 to the analog supply 
common, and a separate wide conductor pattern from pin 15 
to the digital supply common. 


If the single-point 
system 
common 
cannot be established 


directly 
at the converter, 
pin 9 and pin 15 should still be 
connected together at the converter. A single wide conductor 
pattern then connects these two pins to the system common. 
In either case, the common return of the analog input signal 
should be referenced to pin 9 of the ADC. This prevents any 
voltage drops that might occur in the power supply common 
returns from appearing 
in series with the input signal. 


The speed of the ADS774 requires special caution regarding 
whichever 
input pin is unused. For IOV input ranges, pin 14 


(20V 
Range) 
must 
be unconnected, 
and for 20V 
input 


ranges, pin 13 (IOV Range) must be unconnected. 
In both 


cases, the unconnected 
input should be shielded with ground 
plane to reduce noise pickup. 


to any capacitive 
load, including high impedance 
switches. 


Even a few pF on the unused pin can degrade 
acquisition 


time. 


Coupling 
between analog input and digital lines should be 


minimized by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected 
to common. 


If external full scale and offset potentiometers 
are used, the 


potentiometers 
and associated resistors should be as close as 


possible to the ADS774. 


POWER SUPPLY 
DECOUPLING 


On the ADS774, 
+5V (to Pin 1) is the only power supply 
required for correct operation. 
Pin 7 is not connected 
inter- 
nally, so there is no problem 
in existing 
ADC774 
sockets 


where this is connected 
to +15V. Pin 11 (VEJ is only used 
as a logic input to select modes of control over the sampling 
function 
as described 
above. 
When 
used 
in an existing 
ADC774 
socket, the -15V 
on pin 11 selects the ADC774 


Emulation 
Mode. Since pin II is used as a logic input, it is 
immune to typical supply variations. 


SIH CONTROL 
MODE 
ADcn4 
EMULATION 
MODE 
(Pin 11 Connected to +SV) 
(Pin 11 Connected 
to OV to-15V) 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


tAO + te 
Throughput Time: 
12·bit 
Conversions 
8 
8.5 
8 
8.5 
~s 
a-bit Conversions 
6 
6.3 
6 
6.3 
~s 


Ic 
Conversion Time: 
12-bit Conversions 
6.4 
6.4 
~s 
a-bit Conversions 
4.4 
4.4 
~s 
tAC 
Acquisition Time 
1.4 
1.4 
~s 


lAP 
Aperture Delay 
20 
1600 
ns 


tJ 
Aperture Uncertainty 
0.3 
10 
ns 


\ 


I 
I 
~_'I 
Signal 
I 


Acquisition 


I 
tAC 


_I 


Signal 
I 


Acquisition 
I 


-: 
tAC 
- 
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+vcc 


,:;J 
T 100ka 


-Vcc 


I, 
I 
, 
, 
, 
, 


1 
1 


Bipolar 
Offset 
Adjust 


I 
, 


I 
,, 
, 
, 
, 
, 


1 
1 


The +SV supply should be bypassed 
with a lOW tantalum 
capacitor 
located close to the converter 
to promote 
noise- 
free operations, 
as shown in Figure 2. Noise on the power 


supply lines can degrade the converter's 
performance. 
Noise 


and spikes from a switching 
power supply are especially 
troublesome. 


RANGE CONNECTIONS 


The ADS774 offers four standard input ranges: OV to + IOV, 
OV to +20V, ±SV, or ±IOV. Figures 
10 and II 
show the 
necessary 
connections 
for each of these ranges, along with 
the optional 
gain and offset trim circuits. 
If a IOV input 
range is required, 
the analog 
input signal should be con- 
nected to pin 11 of the converter. 
A signal requiring a 20V 
range is connected 
to pin 14. In either case the other pin of 


the two is left unconnected. 
Pin 
12 (Bipolar 
Offset) 
is 


connected 
either to Pin 9 (Analog 
Common) 
for unipolar 
operation, 
or to Pin 8 (2.SV Ref Out), 
or the external 
reference, for bipolar operation. Full-scale and offset adjust- 
ments are described 
below. 


The input impedance of the ADS77 4 is typically SOkQ in the 
20V ranges and 12kQ in the IOV ranges. This is signifi- 
cantly higher than that of traditional ADC774 architectures, 
reducing the load on the input source in most applications. 


INPUT STRUCTURE 
~ 


Figure 
12 shows the resistor divider input structure 
of the~ 


ADS774. Since the input is driving a capacitor in the CDAC 
during acquisition, 
the input is looking into a high imped- 
ance node as compared 
with traditional 
ADC774 
architec- 
tures, where the resistor divider network looks into a com- 
parator input node at virtual ground. 


To understand 
how this circuit 
works, 
it is necessary 
to 


know that the input range on the internal sampling capacitor 
is from OV to +3.33V, and the analog input to the ADS774 
must be converted to this range. Unipolar 20V range can be 
used as an example of how the divider network functions. In 
20V operation, 
the analog input goes into pin 14. Pin 13 is 


left unconnected 
and pin 12 is connected 
to pin 9, analog 
common. 
From Figure 
12, it is clear that the input to the 


capacitor 
array will be the analog input voltage on pin 14 
divided by the resistor network (42kQ + 42kQ II lO.5kQ). A 
20V input at pin 14 is divided 
to 3.33V at the capacitor 
array, while a OV input at pin 14 gives OV at the capacitor 
array. 


The main effect of the IOkQ internal resistor on pin 12 is to 
provide the same offset adjust response as that of traditional 
ADC77 4 architectures 
without changing the external trimpot 
values. 


SINGLE SUPPLY OPERATION 


The ADS774 
is designed 
to operate 
from a single 
+SV 


supply, 
and handle 
all of the unipolar 
and bipolar 
input 
ranges, in either the Control Mode or the Emulation Mode as 
described 
above. Pin 7 is not connected 
internally. 
This is 
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where +12V or +lSV 
is supplied on traditional 
ADC774s. 


Pin 
1I, the -12V 
or -ISV 
supply 
input 
on traditional 


ADC774s, 
is used only as a logic input on the ADS774. 


There is a resistor divider internally on pin I I to reduce that 
input to a correct logic level within the ADS774, 
and this 
resistor will add IOmW to ISmW to the power consumption 
of the 
ADS774 
when 
-lSV 
is supplied 
to pin 
11. To 


minimize 
power consumption 
in a system, 
pin I I can be 
simply grounded 
(for Emulation 
Mode) or tied to +SV (for 


Control Mode.) 


There are no other modifications 
required for the ADS77 4 to 
function with a single +SV supply. 


OPTIONAL 
EXTERNAL 
FULL-SCALE 


AND OFFSET ADJUSTMENTS 


Offset and full-scale 
errors may be trimmed to zero using 


external offset and full-scale trim potentiometers 
connected 
to the ADS774 as shown in Figures 
JO and I I for unipolar 


and bipolar operation. 


CALIBRATION 
PROCEDURE- 


UNIPOLAR 
RANGES 


If external 
adjustments 
of full-scale 
and offset 
are 
not 
required, replace Rz in Figure 10 with a son I% metal film 
resistor 
and connect 
pin 
12 to pin 9, omitting 
the other 


adjustment 
components. 


If adjustment 
is required, connect the converter as shown in 
Figure JO. Sweep the input through the end-point transition 
voltage (OV+ I/2LSB; + 1.22mV for the JOV range, +2.44m V 
for the 20V range) that causes the output code to be DBO ON 
(HIGH). 
Adjust potentiometer 
R, until DBO is alternately 


toggling ON and OFF with all other bits OFF. Then adjust 
full scale by applying an input voltage of nominal full-scale 
minus 3/2LSB, the value which should cause all bits to be 
ON. This value is +9.9963V for the JOVrangeand+19.9927V 
for the 20V range. Adjust potentiometer 
Rz until bits DBI- 
DB II are ON and DBO is toggling ON and OFF. 


CALIBRATION 
PROCEDURE-BIPOLAR 
RANGES 


If external 
adjustments 
of full-scale 
and bipolar 
offset are 


not required, 
replace 
the potentiometers 
in Figure 
I I by 


son, I% metal film resistors. 


If adjustments 
are required, connect the converter as shown 
in Figure 
I J. The calibration 
procedure 
is similar to that 
described above for unipolar operation, except that the offset 
adjustment 
is performed 
with an input 
voltage 
which 
is 
1/2LSB above the minus full-scale value (-4.9988V 
for the 


±SV range, -9.9976V 
for the ±lOV range). Adjust R, for 


DBO to toggle ON and OFF with all other bits OFF. To 
adjust full-scale, 
apply a DC input signal which is 3/2LSB 
below the nominal plus full-scale value (+4.9963V 
for ±5V 


range, +9.9927V for ±JOV range) and adjust Rz for DBO to 
toggle ON and OFF with all other bits ON. 
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~~~~ 
12-Bit, 40MHz Sampling 
ANALOG-TO-DIGITAL 
CONVERTER 


• 
LOW POWER: 
390mW 


• 
INTERNAL 
REFERENCE 


• 
WIDEBAND 
TRACKlHOLD: 
65MHz 


• 
SINGLE 
+5V SUPPLY 


• 
3-STATE 
OUTPUTS 


• 
IF AND BASEBAND 
DIGITIZATION 


• 
DIGITAL 
COMMUNICATIONS 


• 
ULTRASOUND 
IMAGING 


• 
GAMMA 
CAMERAS 


• 
TEST INSTRUMENTATION 


• 
CCD IMAGING 
Copiers 
Scanners 
Cameras 


• 
VIDEO 
DIGITIZING 


The ADS800 is a low power, monolithic 12-bit, 40MHz 
analog-to-digital 
converter utilizing a small geometry 
CMOS process. This COMPLETE 
converter includes 
a 12-bit quantizer, wideband track/hold, reference and 
three-state 
outputs. 
It operates 
from 
a single 
+5V 
power supply and can be configured 
to accept either 
differential 
or single-ended 
input signals. 


The ADS800 employs digital error correction 
to pro- 
vide 
excellent 
Nyquist 
differential 
linearity 
perfor- 
mance 
for demanding 
imaging 
applications. 
Its low 
distortion, high SNR and high oversampling 
capability 
give it the extra margin needed for telecommunications, 
test instrumentation 
and video applications. 


This high performance 
AID converter is specified over 
temperature 
for AC and DC performance 
at a 40MHz 
sampling 
rate. The ADS800 
is available 
in a 28-pin 
SOlC package. 
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PARAMETER 
CONDITIONS 
TEMP 
MIN 
TYP 
MAX 
UNITS 


Resolution 
12 
Bits 
Specified Temperature 
Range 
TAMBIENT 
0 
+70 
·C 


Operating Temperature 
Range 
TAMBIENT 
-40 
+85 
·C 


ANALOG 
INPUT 
Differential 
Full Scale Input Range 
Both Inputs, 180· Out at Phase 
+1.25 
+3.25 
V 


Common-Mode 
Voltage 
+2.25 
V 
Analog Input Bandwidth 
(-3dB) 
Small Signal 
-20dBFS(1) 
Input 
+25·C 
400 
MHz 
Full Power 
OdBFS Input 
+25·C 
65 
MHz 
Input Impedance 
1.25114 
Mil 
II pF 


DIGITAL 
INPUT 
Logic Family 
nUHCT 
Compatible 
CMOS 
Convert Command 
.. 
Start Conversion 
Falling Edge 


ACCURACY(') 
Gain Error 
+25·C 
±OA 
±1.5 
% 


Full 
±O.6 
±2.5 
% 


Gain Tampeo 
±95 
ppm/"C 
Power Supply Rejection of Gain 
Delta +Vs = ±5% 
+25·C 
0.01 
0.15 
%FSR/"/. 
Input Offset Error 
+25°C 
±2.4 
±3.4 
% 


Full 
±2.6 
±3.5 
%FSR/% 


Power Supply Rejection of Offset 
Delta +Vs = ±5% 
+25°C 
0.02 
0.15 
%FSR/% 


CONVERSION 
CHARACTERISTICS 
Sample Rate 
10k 
40M 
Sample/s 
Data Latency 
6.5 
Convert Cycle 


DYNAMIC 
CHARACTERISTICS 
Differential 
Linearity Error 
t • 500kHz 
tH::: 
130s(3) 
+25°C 
±O.6 
±1.0 
LSB 
Full 
±O.8 
LSB 
f = 12MHz 
+25·C 
±O.4 
±1.0 
LSB 
Full 
±O.5 
LSB 
Integral Linearity Error at f = 500kHz 
Full 
±1.9 
LSB 
Spurious-Free 
Dynamic Range (SFDR) 
f = 500kHz (-1dBFS 
input) 
+25°C 
65 
72 
dBFS 
Full 
60 
66 
dBFS 
f = 12MHz (-ldBFS 
input) 
+25°C 
58 
61 
dBFS 
Full 
55 
61 
dBFS 
Two-Tone 
Intermodulation 
Distortion 
(IMD)(4) 


f = 4AMHz 
and 4.5MHz (-7dBFS 
each tone) 
+25°C 
-{;3 
dBc 


Full 
-{;2 
dBc 


Signal-to· Noise Ratio (SNR) 
f = 500kHz 
(-ldBFS 
input) 
+25°C 
61 
64 
dB 


Full 
57 
63 
dB 
f = 12MHz (-ldBFS 
input) 
+25°C 
61 
62 
dB 


Full 
56 
62 
dB 
Signal-to-(Noise 
+ Distortion) 
(SINAD) 
f·500kHz 
(-ldBFS 
input) 
+25·C 
59 
63 
dB 
Full 
54 
64 
dB 
f = 12MHz (-1 dBFS input) 
+25°C 
56 
58 
dB 
Full 
51 
57 
dB 
Differential 
Gain Error 
NTSC or PAL 
+25°C 
0.5 
% 


Differential 
Phase Error 
NTSC or PAL 
+25·C 
0.1 
degrees 
Aperture 
Delay Time 
+25·C 
2 
ns 
Aperture Jitter 
+25°C 
7 
ps rms 
Overvoltage 
Recovery Time(S) 
1.5< Full Scale Input 
+25°C 
2 
ns 


NOTE: (1) dBFS refers to dB below Full Scale. (2) Percentage accuracies are referred to the internal AiD Full Scale Range of 4Vp-p. (3) Refer to Timing Diagram 
footnotes for the fiN = 500kHz differential 
linearity performance 
condition. 
(4) IMD is referred to the larger of the two input signals. If referred to the peak envelope 
signal (=OdB), the intermodulation 
products will be 7dB lower. (5) No "rollover" of bits. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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PARAMETER 
CONDITIONS 
TEMP 
MIN 
MAX 
UNITS 


OUTPUTS 


Logic Family 
TTUHCT 
Compatible 
CMOS 


Logic Coding 
Logic Selectable 
SOB or BTC 


Logic Levels 
Logic "La", CL = 15pF max 
Full 
0 
0.4 
V 


Logic "HI", CL = 15pF max 
Full 
+2.5 
+Vs 
v 
3·8tat8 Enable Time 
20 
40 
ns 
3-State Disabie Time 
Full 
2 
10 
ns 


POWER SUPPLY 
REQUIREMENTS 


Supply Voltage: +Vs 
Operating 
Full 
+4.75 
+5.0 
+5.25 
V 
Supply Current: +Is 
Operating 
+25·C 
78 
93 
mA 
Operating 
Full 
78 
97 
mA 


Power 
Consumption 
Operating 
+25·C 
390 
465 
mW 
Operating 
Full 
390 
485 
mW 


Thermal 
Resistance, 
6JA 


28-Pin SOIC 
75 
·CIW 


__________ 
~_D_S800 
JU ) 
Basic Model Number 
- 
Package Code 


U: 28-Pin SOIC 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


ADS800U 
28-Pin SOIC 
217 


+VS' 
+6V 
Analog Inpu! __. 
.__. 
. 
.__. 
. 
__OV to (+V, + 300mV) 


Logic Input 
.__. 
.__. 
. 
. OV to (+V, + 300mV) 


Case Temperature 
+100°C 
Junction Temperature 
+150°C 
Storage Temperature 
+125°C 


External Top Reference Voltage (REFT) 
. 
+3.4V Max 


External Bottom Reference Voltage (REFB) 
.__.__.__.__.__.__+1.1V Min 


NOTE: 
(1) Stresses 
above these 
ratings may permanently 
damage 
the device. 


A 
ELECTROSTATIC 
J.lJt;,. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 


propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage. 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 


performance 
degradation 
to complete 
device failure. Burr- 


Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 


methods. 
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For Immediate Assistance, Contact Your Local Salesperson 


PIN DESCRIPTIONS 


PIN 
DESIGNATOR 
DESCRIPTION 


1 
GND 
Ground 
2 
B1 
Bit 1, Most Significant 
Bit 
3 
B2 
Bit 2 
4 
B3 
Bit 3 
5 
B4 
Bit 4 
6 
B5 
Bit 5 
7 
B6 
Bit 6 
8 
B7 
Bit 7 
9 
B8 
Bit 8 
10 
B9 
Bit 9 
11 
B10 
Bit 10 
12 
B11 
Bit 11 


13 
B12 
Bit 12, least 
Significant 
Bit 


14 
GND 
Ground 
15 
+Vs 
+5V Power Supply 
18 
ClK 
Convert Clock Input, 50% Duty Cycle 
17 
+Ys 
+5V Power Supply 


18 
DE 
HI: High Impedance 
State. lO 
or Floating: Nor- 


mal Operation. 
Internal pull-down 
resistors. 


19 
MSBI 
Most Significant 
Bit Inversion, 
HI: MSB inverted 
for complementary output. LO or Floating: Straight 
output. Internal pull-down 
resistors. 
20 
+Vs 
+5V Power Supply 
21 
REFB 
Bottom Reference 
Bypass. For external bypass- 
ing of internal +1.25V reference. 
22 
CM 
Common-Mode 
Voltage. It is derived by (REFT + 
REFB)12. 
23 
REFT 
Top Reference 
Bypass. For external bypassing 


of internal +3.25V reference. 
24 
+Vs 
+5V Power Supply 
25 
GND 
Ground 
26 
IN 
Input 
27 
iN 
Complementary 
Input 
28 
GND 
Ground 


GND 
28 
GND 


B1 
iN 


B2 
IN 


B3 
GND 


B4 
+Vs 


B5 
REFT 


B6 
CM 
ADS800 
B7 
REFB 


B8 
+Vs 


B9 
MSBI 


B10 
DE 


B11 
+Vs 


B12 
ClK 


GND 
14 
+Vs 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


!cONV 
Convert Clock Period 
25 
100~ 
ns 
tL 
Clock Pulse Low 
12 
12.5 
ns 
tH 
Clock Pulse High 
12(2) 
12.5 
ns 
to 
Aperture Delay 
2 
ns 
t, 
Data Hold Time, CL = OpF 
3.9 
ns 
t2 
New Data Delay Time, CL = 15pF max 
12.5 
ns 


NOTE: (1) ~~~" indicates 
the portion of the waveform 
that will stretch out at slower sample rates. 
(2) tH must be 13n5 minimum 
if no missing codes is desired only for the conditions 
of teONV:::;28ns 
and fiN <2MHz. Refer to the Clock Requirements 
for a possible clock skew circuit for this condition. 
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TYPICAL PERFORMANCE CURVES 


SPECTRAL 
PERFORMANCE 
0 


f'N = 500kHz 


-20 
-20 


co 
-40 
co 
-40 
~ 
~ 


Q) 
Q) 
-g 
-60 
"0 
-60 
2 
a 
:a 
E 
E 
« 
-60 
« 
-60 


-100 
-100 


5 
10 
15 
20 


Frequency (MHz) 


10 
15 


Frequency (MHz) 


SPECTRAL 
PERFORMANCE 
SPECTRAL 
PERFORMANCE 
0 


f'N= 5MHz 
f'N = 12MHz 
-20 
-20 


co 
-40 
co 
-40 
~ 
~ 


Q) 
Q) 
"0 
-60 
"0 
-60 
.-2 
.-2 
c. 
c. 


E 
E 
« 
-60 
« 
-60 


-100 
-100 


-120 
0 
10 
15 
20 
10 
15 
20 


Frequency (MHz) 
Frequency (MHz) 


0 


-20 


co 
-40 
~ 


Q)-g 
-60 
a 
E« 
-60 


-100 


-120 


I 


f'N = lMHz 
fs=10MHz 
- 


~"I ~, , , " 
, I '"W' 
"~~"I~n-r 
r.''T''''''''' 
I'.l~"''' 


, I, 
.,,,. 
, I 
., 
, 
.1,1 
,I, 
I 


2.0 
3.0 


Frequency (MHz) 
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0 


-20 


co 
-40 
~ 


Q) 
~ 
-60 
:a 
E« 
-60 


-100 


f, = 12.5MHz 


f2= 
12.0MHz 


5.0 
10.0 
15.0 


Frequency (MHz) 


-- 


DIFFERENTIAL 
LINEARITY ERROR 


2.0 
2.0 


I'N = 500kHz 


1.0 
1.0 


iD 
iD 
UJ 
~ 
'"' 
W 
W 
..J 
..J 


0 
0 


-1.0 
-1.0 


-2.0 
-2.0 
1024 
2048 
3072 
4096 


Code 


11II 


........ 
SFDIR 


"'- 


/ 
- 


f- 
r 


~ 
70 
a: 
iij 
65 
Ii 
o 
~ 
60 


1 
10 


Frequency (MHz) 


I 


fiN = 12MHz 


" 
I 
I' 
I 


12 
ell 
60 
~ 
a: 
f2 
40 
UJ 


SWEPT POWER SNR 
INTEGRAL LINEARITY 
ERROR 
80 
4.0 


I'N = 12MHz 
I'N = 500kHz 


60 
2.0 


iD 
iD 
~ 
UJ 
a: 
40 
'"' 


0 
Z 
W 
UJ 
=! 


20 
-2.0 


0 
-4.0 
-50 
-40 
-30 
-20 
-10 
10 
1024 
2048 
3072 
4096 


Input Amplilude 
(dBm) 
Code 
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SFDR 
fiN= 12MHz 
" 
""- 
~~ 


SNR 


90 


80 
en 
fiN = 500kHz 


LL 
lD~ 
70 
a: 


'" 
LL 
(/) 


60 


50 


-25 
25 
50 
75 


Ambient 
Temperature 
(OC) 


70 


65 


iD~ 


'" 


60 
..z 
Ci5 


55 


50 
-25 


f,N·500kHz--- 
/1 


1 


fiN::: 
12MHz 


iD 60 
~ 
~ 
a: 
55 


o 


"I"§. 


'" 
50 


4 
3 


Single-Ended 
Full-Scale Range (Vp-p) 


NOTE: 
REFT 
EXT varied, 
REFS 
is fixed at the internal value of +1.25V. 


I 


fINjOOkHZ- 


I 


fiN::: 12MHz 


425 


~ 
400 


.s 


:;;,. 
0 
Q. 


375 


~ 


iD~ 
a: 
60 
z 
(/) 


o 
25 
50 


Ambient Temperature 
(0G) 


o 
25 
50 


Ambient Temperatur. 
(0G) 


--- 


BURR - BROWNe 
IE:lE:lI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


25 
50 


Ambient 
Temperature 
rC) 


III 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 


Ii:~C 4).25 
c 
on; 
<.? 


o 
25 
50 


Ambient Temperature 
(0C) 


1M 
10M 


Frequency (Hz) 


Ii: 
'" 
u. 
C 
-2.5 


~ 


o 
25 
50 


Ambient Temperature 
(0C) 


I 
I 


~ 


~ 
400k 
() 
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THEORY OF OPERATION 


The ADS800 
is a high speed 
sampling 
analog-to-digital 


converter 
with pipelining. 
It uses a fully differential 
archi- 
tecture and digital error correction 
to guarantee 
12-bit reso- 
lution. The differential 
track/hold circuit is shown in Figure 
I. The switches are controlled by an internal clock which has 
a non-overlapping 
two phase 
signal, 
<pI and <p2. At the 
sampling 
time the input signal is sampled 
on the bottom 
plates of the input capacitors. In the next clock phase, <p2,the 
bottom plates of the input capacitors 
are connected together 
and the feedback 
capacitors 
are switched 
to the op amp 
output. At this time the charge redistributes 
between C, and 
CH, completing 
one track/hold cycle. The differential 
output 
is a held DC representation 
of the analog input at the sample 
time. The track/hold circuit can also convert a single-ended 
input signal into a fully differential 
signal for the quantizer. 


The pipelined quantizer architecture 
has II stages with each 


stage containing a two-bit quantizer and a two bit digital-to- 
analog converter, 
as shown in Figure 2. Each two-bit quan- 


tizer stage converts on the edge of the sub-clock, 
which is 
twice the frequency 
of the externally 
applied 
clock. The 
output of each quantizer 
is fed into its own delay line to 


li:irl_~: 


$1 
$2 
$1 


FIGURE 
1. Input Track/Hold 
Configuration 
with Timing 


Signals. 
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B1 (MSB) 


B2 


B3 


B4 


B5 


B6 


B7 


B8 


B9 


B10 


B11 


B12 (LSB) 


me mIOrmalion founa on the reaunaant 
bits. ·lhls technique 
gives the ADS800 excellent differential 
linearity and guar- 
antees no missing codes at the 12-bit level. 


Since there are two pipeline stages per external clock cycle, 
there is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The output data is available in 
Straight Offset Binary (SOB) or Binary Two's Complement 
(BTC) format. 


THE ANALOG 
INPUT AND INTERNAL 
REFERENCE 


The analog 
input 
of the ADS800 
can be configured 
in 
various ways and driven with different circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS800 has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode 
of +2.25V, 
with each of the two inputs having 
a full scale range of 
+1.25V to +3.25V. Since each input is 2V peak-to-peak 
and 
1800 out of phase with the other, a 4V differential 
input 
signal to the quantizer 
results. As shown in Figure 3, the 
positive 
full scale reference 
(REFT) and the negative 
full 
scale (REFB) 
are brought 
out for external 
bypassing. 
In 
addition, the common-mode 
voltage (CM) may be used as a 
reference 
to provide 
the appropriate 
offset for the driving 
circuitry. 
However, 
care must be taken not to appreciably 
load this reference 
node. For more information 
regarding 
external references, 
single-ended 
input, and ADS800 
drive 
circuits, refer to the applications 
section. 


To 


Internal 
Comparators 


CLOCK 
REQUIREMENTS 


The CLK pin accepts a CMOS level clock input. Both the 
rising 
and falling 
edges 
of the externally 
applied 
clock 
control 
the various 
interstage 
conversions 
in the pipeline. 
Therefore, 
the clock signal's jitter, rise/fall times and duty 
cycle can affect conversion 
performance. 


Low clock jitter 
is critical to SNR performance 
in fre- 
quency-domain 
signal environments. 


Clock rise and fall times should be as short as possible 
(<2ns for best performance). 


• 
For most applications, 
the clock duty should be set to 
50%. However, 
for applications 
requiring 
no missing 


method tor skewing the 50% duty cycle source is shown 
in Figure 4. 


DIGITAL 
OUTPUT 
DATA 


The 12-bit output data is provided at CMOS logic levels. The 
standard output coding is Straight Offset Binary where a full 
scale input signal corresponds to all "I 's" at the output. This 
condition 
is met with pin 19 "LO" 
or Floating 
due to an 
internal pull-down resistor. By applying a logic "HI" voltage 
to this pin, a Binary 
Two's 
Complement 
output 
will be 
provided where the most significant bit is inverted. The digital 
outputs of the ADS800 can be set to a high impedance state 
by driving OE (pin 18) with a logic "HI". Normal operation 
is achieved with pin 18 "LO" or Floating due to internal pull- 
down resistors. This function is provided for testability pur- 
poses and is not meant to drive digital buses directly or be 
dynamically 
changed during the conversion process. 


OUTPUT 
CODE 


SOB 
BTC 
PIN 19 
PIN 19 
DIFFERENTIAL 
INPUT!') 
FLOATING 
or LO 
HI 


+FS (IN = +3.25V, iN = +1.25V) 
111111111111 
011111111111 
+FS -lLSB 
111111111111 
011111111111 
+FS -2LSB 
111111111110 
011111111110 
+3/4 Full Scale 
111000000000 
011000000000 
+1/2 Full Scale 
110000000000 
010000000000 
+1/4 Full Scale 
101000000000 
001000000000 
+lLSB 
100000000001 
000000000001 
Bipolar Zero (IN = iN = +2.25V) 
100000000000 
000000000000 
-lLSB 
011111111111 
111111111111 
-1/4 
Full Scale 
011000000000 
111000000000 
-112 Full Scale 
010000000000 
110000000000 


-,J/4 Full Scale 
001000000000 
101000000000 
-FS 
+1LSB 
000000000001 
10000000000 , 


-FS 
(IN = +1.25V, iN = +3.25V) 
000000000000 
100000000000 


Note: In the single-ended input mode, +FS ""+4.25V and -FS ""+O.25V. 


The ADS800 has a differential 
input with a common-mode 
of +2.25V. For AC-coupled 
applications, 
the simplest way to 
create this differential 
input is to drive the primary winding 
of a transformer 
with a single-ended 
input. A differential 
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frequency AC performance. 
It is important to select a trans- 


former that gives low distortion 
and does not exhibit core 
saturation at full scale voltage levels. Since the transformer 
does not appreciably 
load the ladder, there is no need to 
buffer the common-mode 
(CM) output in this instance. In 
general, it is advisable to keep the current draw from the CM 
output pin below O.5~ 
to avoid nonlinearity 
in the internal 
reference ladder. A FET input operational 
amplifier such as 
the OPA130 
can provide 
a buffered 
reference 
for driving 
external circuitry. 
The analog IN and IN inputs should be 
bypassed with 22pF capacitors to minimize tracklhold glitches 
and to improve high input frequency 
performance. 


AC Input 
_ 
"",°1t.,": 
GTHoKKBl 
: 
-=- 
1 
or equivalent 
I 
1 
1 


FIGURE 
5. AC-Coupled 
Single-Ended 
to Differential Drive 
Circuit Using a Transformer. 


If the signal needs to be DC coupled 
to the input of the 
ADS800, 
an operational 
amplifier input circuit is required. 
In the differential 
input mode, any single-ended 
signal must 
be modified 
to create 
a differential 
signal. 
This can be 
accomplished 
by using two operational 
amplifiers, 
one in 


Optional 
High Impedance 


Input AmPlif\ 
+SV(2) 


DC-Coupled 
Input Signal 


shifting required for signals centered around ground. It also 
employs a diode for output level shifting to guarantee a low 
distortion 
+3.25V 
output 
swing. 
Other 
amplifiers 
can be 
used in place of the OP A642s if the lowest distortion is not 
necessary. 
If output level shifting circuits are not used, care 
must be taken to select operational 
amplifiers 
that give the 
necessary 
performance 
when swinging 
to +3.25V 
with a 


±5V supply operational 
amplifier. 


The ADS800 
can also be configured 
with a single-ended" 
input full scale range of +O.25V to +4.25V 
by tying the" 
complementary 
input to the common-mode 
reference voltage 
as shown 
in Figure 
7. This 
configuration 
will result 
in 
increased 
even-order 
harmonics, 
especially 
at higher input 
frequencies. 
However, this tradeoff may be quite acceptable 
for time-domain 
applications. 
The driving 
amplifier 
must 
give adequate performance 
with a +O.25V to +4.25V output 
swing in this case. 


I 


Input Level 
Shin Buffer 


FIGURE 
6. A Low Distortion 
DC-Coupled, 
Single-Ended 
to Differential 
Input Driver Circuit. 
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" 
12 


AOS800 
13 


" 
15,. 


17,. 


EXTERNAL 
REFERENCES 
AND ADJUSTMENT 
OF 
FULL SCALE 
RANGE 


The internal reference buffers are limited to approximately 
ImA of output current. As a result, these internal +1.25V 
and +3.25V 
references 
may overridden 
by external 
refer- 
ences that have at least 25mA of output drive capability. 
In 
this instance, the common-mode 
voltage will be set halfway 
between 
the two references. 
This feature 
can be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADS800. 
Changing 
the full scale 
range to a lower value has the benefit of easing the swing 
requirements 
of external input drive amplifiers. The external 
references 
can vary as long as the value of the external top 
reference 
(REFrEXT) 
is less than or equal to +3.4V and the 
value of the external bottom reference (REFBEXT) 
is greater 
than 
or equal 
to + 1.1V and the difference 
between 
the 
external references 
are greater than or equal to 1.5V. 


For the differential configuration, the full scale input range will 
be set to the external reference values that are selected. For the 
single-ended mode, the input range is 2·CREFr EXT - REFBEXT), 
with 
the common-mode 
being 
centered 
at (REFr 
EXT + 
REFBEXT)/2. 
Refer to the typical 
performance 
curves 
for 
expected performance vs full scale input range. 


PC BOARD 
LAYOUT 
AND BYPASSING 


A well-designed, 
clean PC board layout will assure proper 
operation and clean spectral response. Proper grounding and 
bypassing, 
short lead lengths, and the use of ground planes 
are particularly 
important for high frequency 
circuits. Mul- 
tilayer PC boards are recommended 
for best performance 
but if carefully designed, 
a two-sided 
PC board with large, 
heavy ground planes can give excellent results. It is recom- 
mended 
that the analog 
and digital 
ground 
pins 
of the 
ADS800 be connected 
directly to the analog ground plane. 


In our experience, 
this gives the most consistent results. The 
AID power supply commons 
should be tied together at the 
analog ground 
plane. Power 
supplies 
should be bypassed 
with O.I!JF ceramic capacitors as close to the pin as possible. 


DYNAMIC 
PERFORMANCE 
TESTING 


The ADS800 
is a high performance 
converter 
and careful 
attention to test techniques 
is necessary 
to achieve accurate 
results. Highly accurate phase-locked 
signal sources allow 
high resolution FFr measurements 
to be made without using 
data windowing functions. A low jitter signal generator such 
as the HP8644A for the test signal, phase-locked 
with a low 
jitter 
HP8022A 
pulse generator 
for the AID clock, 
gives 
excellent 
results. Low pass fIltering (or bandpass 
filtering) 
of test signals is absolutely necessary to test the low distor- 
tion of the ADS800. Using a signal amplitude slightly lower 
than full scale will allow a small amount of "headroom" 
so 
that noise or DC offset voltage will not overrange 
the AID 
and cause clipping on signal peaks. 
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DYNAMIC 
PERFORMANCE 
DEFINITIONS 


I. Signal-to-Noise-and-Distortion 
Ratio (SINAD): 


10 10 
Sinewave Signal Power 
g 
Noise + Harmonic Power (first 15 harmonics) 


2. Signal-to-Noise 
Ratio (SNR): 


Sinewave Signal Power 
10 log 
_ 
Noise Power 


3. Intermodulation 
Distortion 
(IMD): 


O I 
Highest IMD Product Power (to 5th-order) 
log-------------- 
Sinewave Signal Power 
-- 
IMD is referenced 
to the larger of the test signals fl or f2· 
Five "bins" either side of peak are used for calculation 
of 
fundamental 
and harmonic 
power. The "0" frequency 
bin 
(DC) is not included 
in these calculations 
as it is of little 
importance 
in dynamic 
signal processing 
applications. 
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12-Bit, 25MHz Sampling 
ANALOG-TO-DIGITAL 
CONVERTER 


FEATURES 


• 
NO MISSING 
CODES 


• 
LOW POWER: 
270mW 


• 
INTERNAL 
REFERENCE 


• 
WIDEBAND 
TRACKlHOLD: 
65MHz 


• 
SINGLE 
+5V SUPPLY 


• 
3-STATE 
OUTPUTS 


• 
PACKAGE: 
28-Pin SOIC 


APPLICATIONS 


• 
IF AND BASEBAND 
DIGITIZATION 


• 
DIGITAL 
COMMUNICATIONS 


• 
TEST INSTRUMENTATION 


• 
CCD IMAGING 
Copiers 
Scanners 
Cameras 


• 
VIDEO 
DIGITIZING 


• 
GAMMA 
CAMERAS 


The ADS801 is a low power, monolithic l2-bit, 25MHz 
analog-to-digital 
converter 
utilizing a small geometry 
CMOS process. This COMPLETE 
converter 
includes 


a l2-bit quantizer, wideband track/hold, reference, and 
three-state 
outputs. 
It operates 
from 
a single 
+5V 


power supply and can be configured 
to accept either 
single-ended 
or differential 
input signals. 


The ADS801 employs digital error correction to provide 
excellent Nyquist differential linearity performance 
for 


demanding 
imaging 
applications. 
Its low distortion, 


high SNR and high oversampling 
capability give it the 
extra margin 
needed 
for telecommunications, 
instru- 


mentation and video applications. 


This high performance NO converter is specified over 
temperature 
for AC and DC performance 
at a 25MHz 
sampling 
rate. The ADS801 
is available 
in a 28-pin 


SOIC package. 
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SPECIFICATIONS 


At TA 
= +25°C, 
Vs = +SV, Sampling 
Rate = 25M Hz, with a 50% duty cycle clock having a 2ns riselfall time. unless otherwise 
noted. 


PARAMETER 
CONDITIONS 
TEMP 
MIN 
MAX 
UNITS 


Resolution 
12 Guaranteed 
Bits 
.•.. 


Specified 
Temperature 
Range 
TAMBIENT 
-40 
+85 
°C 
0 
CO 
ANALOG 
INPUT 
CJ) 
Differential 
Full Scale Input Range 
Both Inputs, 180° Out 01Phas 
+1.25 
+3.25 
V 
C 
Common-Mode 
Voltage 
+2.25 
V 


Analog Input Bandwidth 
(-3d B) 
c( 


Small Signal 
-20dBFS(') 
Input 
+25°C 
400 
MHz 
Full Power 
OdBFS Input 
+25°C 
65 
MHz 
Input Impedance 
1.25114 
MQ II pF 


DIGITAL 
INPUT 


Logic Family 
nUHCT 
Compatible 
CMOS 
Convert 
Command 
Start Conversion 
Falling Edge 
CJ) 
ACCURACY(') 
t- 
Gain Error 
+25°C 
10.6 
±1.5 
% 


Full 
±1.0 
±2.5 
% 
Z 


Gain Tempco 
±85 
ppml"C 
W 


Power Supply 
Rejection 
of Gain 
Delta +Vs::::±5% 
+25°C 
0.03 
0.15 
%FSR/% 
Z 
Input Offset 
Error 
+25°C 
±2.0 
±2.5 
% 
0 
Full 
±2.1 
±3.0 
%FSR/% 


Power Supply 
Rejection 
of Offset 
Delta +Vs = ±5% 
+25°C 
0.05 
0.15 
%FSR/% 
c.. 


CONVERSION 
CHARACTERISTICS 
:E 


Sample Rate 
10k 
25M 
Sample/s 
0 
Data Latency 
6.5 
Convert Cycle 0 
DYNAMIC 
CHARACTERISTICS 
Differential 
Linearity 
Error 
Z 
I: 
500kHz 
+25°C 
10.3 
±1.0 
LSB 
0 
O°C to +85°C 
10.4 
±1.0 
LSB 


f: 
10MHz 
+25°C 
10.3 
±1.0 
LSB 
i= 
aoc to +85°C 
10.4 
±1.0 
LSB 
en 
No Missing Codes 
aoc to +85°C 
Guaranteed 
LSB 
Integral 
Linearity 
Error at f "" 500kHz 
Full 
±1.7 
LSB 
:) 
Spurious·Free 
Dynamic 
Range 
(SF DR) 
0 
I: 
500kHz (-1dBFS 
input) 
+25°C 
63 
77 
dBFS 


Full 
62 
73 
dBFS 
0 
f: 10MHz (-1dBFS 
input) 
+25°C 
57 
61 
dBFS 
c( 
Full 
55 
61 
dBFS 
Two-Tone 
Intermodulation 
Distortion (IMD)13) 


~ 


I : 4.4MHz and 4.5MHz (-7dBFS 
each tone) 
+25°C 
~ 
dBc 


Full 
~3 
dBc 
c:r: 
Signal-to-Noise 
Ratio (SNR) 
C 
I: 
500kHz 
(-1dBFS 
input) 
+25°C 
64 
66 
dB 
Full 
61 
64 
dB 
CJ) 
1= 10MHz (-1dBFS 
input) 
+25°C 
62 
65 
dB 
Full 
58 
64 
dB 
a: 


Signal-to-(Noise 
+ Distortion) (SINAD) 
W 
I: 
500kHz 
(-1dBFS 
input) 
+25°C 
63 
66 
dB 
t- 


Full 
60 
63 
dB 
a: 
1= 10MHz (-1dBFS 
input) 
+25°C 
56 
59 
dB 
Full 
54 
58 
dB 
W 
Differential 
Gain 
Error 
NTSC or PAL 
+25°C 
0.5 
% 
> 
Differential 
Phase 
Error 
NTSC or PAL 
+25°C 
0.1 
degrees 
Z 
Aperture 
Delay 
Time 
+25°C 
2 
ns 
0 
Aperture 
Jitter 
+25°C 
7 
ps rms 
Overvoltage 
Recovery 
Time(4) 
1.5x Full Scale Input 
+25°C 
2 
ns 
0 


NOTE: (1) dBFS reters to dB below Full Scale. (2) Percentage 
accuracies 
are relerred to the internal AID Full Scale Range of 4Vp-p. (3) IMD is referred to the 
C 
larger of the two input signals. 
If referred 
to the peak envelope 
signal (""OdB). the intermodulation 
products will be 7dB lower. (4) No "rollover" of bits. 


~ 


The information provided herein is believed to be reliable; however. BURR· BROWN assumes no responsibility for inaccuracies 
or omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CONT) 


At TA 
"" +25°C, 
Vs '" +SV, Sampling 
Rate"" 
25M Hz, with a 50% 
duty cycle clock having a 2ns riselfall time, unless otherwise 
noted. 


ADS801U 


PARAMETER 
CONDITIONS 
TEMP 
MIN 
I 
TYP 
I 
MAX 
UNITS 


OUTPUTS 
TTUJCT 
Compatible 
JMOS 
Logic Family 
Logic Coding 
Logic Selectable 
SOB or BTC 


Logic Levels 
Logic "LO', CL 
• 
15pF max 
Full 
0 
0.4 
V 
Logic "HI", CL = 15pF max 
Full 
+2.5 
+Vs 
V 


3-Slale 
Enable Time 
20 
40 
ns 


3-State 
Disable 
Time 
Full 
2 
10 
ns 


POWER SUPPLY 
REQUIREMENTS 
Supply Voltage: +Vs 
Operating 
Full 
+4.75 
+5.0 
+5.25 
V 
Supply Current +15 
Operating 
+25°C 
54 
65 
mA 
Operating 
Full 
54 
68 
mA 
Power 
Consumption 
Operating 
+25°C 
270 
325 
mW 


Operating 
Full 
270 
340 
mW 


Thermal 
Resistance, 
6JA 
28-Pin SOIC 
75 
°CIW 


Basic Model 
Number 
Package Code 


U: 28-Pin SOIC 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


PACKAGE 


28-Pin SOIC 


PACKAGE 
DRAWING 
NUMBERI') 


217 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


Electrostatic discharge can cause damage ranging from 
per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 
Brown Corporation 
recommends 
thai all integrated 
circuits 


be handled 
and stored 
using appropriate 
ESD protection 
methods. 


+VS" 
.... +6V 
Analog Input 
OV to (+Vs + 300mV) 


Logic Input 
OV to (+Vs + 300mV) 


Case Temperature 
+100°C 


Junction Temperature 
+1500C 


Storage 
Temperature 
+125°C 
External Top Reference Voltage (REFT) 
+3.4V Max 


External Bottom Reference Voltage (REFB) 
+1.1V Min 


NOTE: 
Stresses 
above 
these 
ratings may permanently 
damage 
the device. 
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SOIC 
PIN 
DESIGNATOR 
DESCRIPTION 
TOP VIEW 
1 
GND 
Ground 
2 
B1 
Bit 1, Most Significant 
Bit 


3 
B2 
Bil2 
4 
B3 
Bil3 
GND 
28 
GND 
5 
B4 
Bit 4 
6 
B5 
Bit 5 
B1 
iN 
7 
B6 
Bil6 


IN 
8 
B7 
Bil7 
B2 
9 
B8 
Bil8 


B3 
GND 
10 
B9 
Bit 9 
11 
B10 
Bit 10 


B4 
+Vs 
12 
B11 
Bil11 
13 
B12 
Bit 12, Least Significant 
Bit 
B5 
REFT 
14 
GND 
Ground 
15 
+Vs 
+5V Power Supply 
B6 
CM 
16 
ClK 
Convert Clock Inpul, 50% Duty Cycle 
ADS801 
B7 
REFB 
17 
+Vs 
+5V Power Supply 


18 
6E 
HI: High Impedance 
State. lO 
or Floating: Nor- 


B8 
+Vs 
mal Operation. 
Internal pull-down 
resistors. 
19 
MSBi 
Most Significant 
Bit Inversion, 
HI: MSB inverted 
B9 
MSBI 
for complementary output. LO or Floating: Straight 


B10 
6E 
output. Internal pull-down 
resistors. 
20 
+Vs 
+5V Power Suppiy 


B11 
+Vs 
21 
REFB 
Bottom Reference 
Bypass. For external bypass- 
ing of internal +1.25V reference. 


B12 
ClK 
22 
CM 
Common-Mode 
Voltage. II is derived by (REFT + 
REFB)/2. 
GND 
14 
15 
+Vs 
23 
REFT 
Top Reference 
Bypass. For external 
bypassing 
of internal +3.25V reference. 
24 
+Vs 
+5V Power Supply 
25 
GND 
Ground 
26 
IN 
Inpul 
27 
iN 
Complemenlary 
Input 
28 
GND 
Ground 


TIMING 
DIAGRAM 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


IcONv 
Convert Clock Period 
40 
100~ 
ns 
tL 
Clock Pulse low 
19 
20 
ns 
tH 
Clock Pulse High 
19 
20 
ns 


to 
Aperture 
Delay 
2 
ns 
t, 
Data Hold Time, CL = OpF 
3.9 
ns 


I, 
New Dala Delay Time, CL = 15pF max 
12.5 
ns 
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TYPICAL PERFORMANCE CURVES (CONn 


I 
I 


~ 
400k 
8 


1966 
1968 
1970 
1972 
1974 


Code 


100 


80 


Ui 
u. 
60 
III~ 
II: 
0 
40 
u. 
en 


20 


""-.,-/ 
~ 


fiN = 10MHz 


'\ 


-30 
-20 
-10 


Input Amplitude (dBm) 


SWEPT POWER SNR 
INTEGRAL LINEARITY 
ERROR 
80 
4.0 


fiN: 
10MHz 
fiN = 500kHz 


60 
2.0 


iil 
iil 
~ 
en 
II: 
40 
<:!. 


z 
w 
en 
:! 


20 
-2.0 


0 
-4.0 
~O 
-40 
-30 
-20 
-10 
10 
0 
1024 
2048 
3072 
4096 


Input Amplitude (dBm) 
Code 


DYNAMIC PERFORMANCE 
DYNAMIC 
PERFORMANCE 
vs SINGLE-ENDED 
FULL-SCALE 
INPUT RANGE 
vs DIFFERENTIAL 
FULL-SCALE 
INPUT RANGE 
65 
70 


iil 
iil 
~ 
60 
~ 
65 
., 
., 


g> 
'" 
'" 


fij 
II: 
II: 


.\1 
SFDR (fiN= 10MHz) 
u 
E 
'1" 


'" 
55 
'" 
c: 
!;. 60 
>- 
0 
0 


50 
55 
2 
4 
4 
5 


Single-Ended 
Full-scale 
Input Range (Vp-p) 
Differential Full-Scale input Range (Vp-p) 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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-- 
CJ)I- 
Z 


100 
WZoa. 
::2:oozo 
f- 


CJ)- 
::)"o 
<C 


~<cc 


CJ)a:wf-a: 
W> 
Zooc< 


tecture and digital error correction to guarantee 
12-bit reso- 
lution. The differential 
track/hold circuit is shown in Figure 
I. The switches are controlled by an internal clock which is 
a non-overlapping 
two phase 
signal, 
<1>1and <1>2.At the 
sampling 
time the input signal is sampled 
on the bottom 
plates of the input capacitors. In the next clock phase, <1>2,the 
bottom plates of the input capacitors 
are connected together 
and the feedback 
capacitors 
are switched 
to the op amp 
output. At this time the charge redistributes 
between C1 and 
CH, completing 
one track/hold cycle. The differential 
output 
is a held DC representation 
of the analog input at the sample 
time. The track/hold 
circuit can also convert a single-ended 
input signal into a fully differential 
signal for the quantizer. 


The pipelined quantizer architecture 
has 11 stages with each 


stage containing a two-bit quantizer and a two bit digital-to- 
analog converter, 
as shown in Figure 2. Each two-bit quan- 
tizer stage converts on the edge of the sub-clock, 
which is 


twice the frequency 
of the externally 
applied 
clock. The 
output of each quantizer 
is fed into its own delay line to liii: 


$1 
$2 
$1 


FIGURE 
I. Input Track/Hold 
Configuration 
with Timing 
Signals. 


Digital Delay 
61 (MS6) 


62 


63 


c 
64 
0 


STAGE 2 
"i 
65 
1;- 
0 
66 
() 
g 
67 
w 
68 
g 
69 
:~ 
0 
610 


Digital Delay 
611 


612 (LS6) 
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correction circuit which can adjust the output data based on 
the information 
found on the redundant bits. This technique 
gives the ADS80 I excellent differential 
linearity and guar- 


antees no missing codes at the 12-bit level. 


Since there are two pipeline stages per external clock cycle, 
there is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The output data is available in 
Straight Offset Binary (SOB) or Binary Two's Complement 
(BTC) format. 


THE ANALOG 
INPUT AND INTERNAL 
REFERENCE 


The 
analog 
input 
of the ADS80 I can be configured 
in 


various ways and driven with different circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS80 I has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode 
of +2.25V, 


with each of the two inputs having 
a full scale range of 
+1.25V to +3.25V. Since each input is 2V peak-to-peak 
and 
1800 out of phase with the other, a 4V differential 
input 
signal to the quantizer 
results. As shown in Figure 3, the 
positive 
full scale reference 
(REFT) 
and the negative 
full 
scale (REFB) 
are brought 
out for external 
bypassing. 
In 
addition, the common-mode 
voltage (CM) may be used as a 
reference 
to provide 
the appropriate 
offset for the driving 
circuitry. 
However, 
care must be taken not to appreciably 
load this reference 
node. For more information 
regarding 
external references, 
single-ended 
input, and ADS801 drive 
circuits, refer to the applications 
section. 


To 
Internal 
Comparators 


CLOCK 
REQUIREMENTS 


The CLK pin accepts a CMOS level clock input. The rising 
and falling edges of the externally applied convert command 
clock control the various interstage conversions 
in the pipe- 


line. Therefore, the duty cycle of the clock should be held at 
50% with low jitter and fast rise/fall times of 2ns or less. 
This is particularly 
important 
when digitizing 
a high fre- 
quency 
input and operating 
at the maximum 
sample rate. 


Deviation 
from a 50% duty cycle will effectively 
shorten 
some of the interstage 
settling 
times, 
thus degrading 
the 
SNR and DNL performance. 


lilt 
IL.-Oll 
UUlpUl u,ua is PIUVlutU 
al 
\..,lVIV.:) 
IUgll.: ItVta~. 
The standard output coding is Straight Offset Binary where 
a full scale input signal corresponds 
to all"I's" 
at the output. 


This condition 
is met with pin 19 "LO" or Floating due to 
an internal 
pull-down 
resistor. 
By applying 
a logic "HI" 
(; 
voltage to this pin, a Binary Two's Complement 
output will 
CO 
be provided where the most significant 
bit is inverted. The 
en 
digital outputs of the ADS801 can be set to a high imped- 
C 
ance state by driving OE (pin 18) with a logic "HI". Normal 
<C 
operation 
is achieved 
with pin 18 "LO" or Floating due to 
internal pull-down 
resistors. 
This function 
is provided 
forlll 


testability 
purposes and is not meant to drive digital buses 
directly or be dynamically 
changed 
during the conversion 
process. 


OUTPUT CODE 


SOB 
BTC 
PIN 19 
PIN 19 


DIFFERENTIAL 
INPUT!') 
FLOATING 
or LO 
HI 


+FS (IN = +3.25V. IN = +1.25V) 
111111111111 
011111111111 
+FS -lLSB 
111111111111 
011111111111 
+FS -2LSB 
111111111110 
011111111110 
+3/4 Full Scale 
111000000000 
011000000000 
+1/2 Full Scale 
110000000000 
010000000000 
+1/4 Full Scale 
101000000000 
001000000000 
+lLSB 
100000000001 
000000000001 


Bipolar Zero (IN = IN = +2.25V) 
100000000000 
000000000000 
-1LSB 
011111111111 
111111111111 
-1/4 
Full Scale 
011000000000 
111000000000 
-1/2 
Full Scale 
010000000000 
110000000000 
~/4 
Full Scale 
001000000000 
101000000000 
-FS 
+1LSB 
000000000001 
100000000001 
-FS 
(IN = +1.25V. IN = +3.25V) 
000000000000 
100000000000 


Note: In the single~ended input mode, +FS ::: +4.25V and -FS 
= +O.25V. 


DRIVING 
THE ADS801 


The ADS80 I has a differential 
input with a common-mode 
of +2.25V. For AC-coupled 
applications, 
the simplest way 
to create 
this differential 
input 
is to drive 
the 
primary 


winding 
of a transformer 
with 
a single-ended 
input. 
A 
differential 
output is created on the secondary 
if the center 
tap is tied to the common-mode 
voltage 
of +2.25V 
per 
Figure 4. This transformer-coupled 
input arrangement 
pro- 


AC Input 
_ 


,,~, ~"<o". 


8T1'S'KK81 
, 
-;- 
: 
or equivalent: 


1 
, 


FIGURE 4. AC-Coupled 
Single-Ended 
to Differential 
Drive 
Circuit Using a Transformer. 
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Optional 
High Impedance 
30Hl 


Input AmPlif\ 
+SV(2) 


DC·Coupled 
Input Signal 


vides good high frequency 
AC performance. 
It is important 
to select a transformer 
that gives low distortion and does not 
exhibit core saturation at full scale voltage levels. Since the 
transformer 
does not appreciably 
load the ladder, there is no 
need to buffer the common-mode 
(CM) output 
in this in- 


stance. In general, 
it is advisable 
to keep the current draw 
from the CM output pin below O.51!Ato avoid nonlinearity 
in the internal 
reference 
ladder. 
A FET input operational 


amplifier such as the OPA130 can provide a buffered refer- 
ence for driving 
external 
circuitry. 
The analog IN and IN 


inputs should be bypassed with 22pF capacitors to minimize 
track/hold 
glitches 
and to improve 
high 
input frequency 


performance. 


If the signal needs to be DC coupled 
to the input of the 


ADS80 I, an operational amplifier input circuit is required. In 
the differential 
input mode, any single-ended 
signal must be 
modified 
to create a differential 
signal. This can be accom- 
plished 
by using 
two operational 
amplifiers, 
one 
in the 
noninverting 
mode for the input and the other amplifier in the 


inverting mode for the complementary 
input. The low distor- 


tion circuit 
in Figure 
5 will provide 
the necessary 
input 


shifting required for signals centered around ground. It also 
employs a diode for output level shifting to guarantee a low 
distortion +3.25V output swing. Other amplifiers can be used 
in place 
of the OPA642s 
if the lowest 
distortion 
is not 
necessary. 
If output level shifting circuits are not used, care 
must be taken to select operational 
amplifiers 
that give the 
necessary performance 
when swinging to +3.25V with a ±5V 


supply operational 
amplifier. 


The ADS80 I can also be configured 
with a single-ended 
input full scale range of +O.25V to +4.25V 
by tying the 


complementary 
input to the common-mode 
reference voltage 
as shown 
in Figure 
6. This 
configuration 
will 
result 
in 
increased 
even-order 
harmonics, 
especially 
at higher input 


frequencies. However, this tradeoff may be quite acceptable 
for time-domain 
applications. 
The driving 
amplifier 
must 
give adequate performance 
with a +O.25V to +4.25V output 


swing in this case. 


EXTERNAL 
REFERENCES 
AND ADJUSTMENT 
OF 


FULL SCALE 
RANGE 


The internal reference buffers are limited to approximately 
ImA of output current. As a result, these internal +1.25V 
and +3.25V references 
may overridden 
by external 
refer- 


ences that have at least 25mA of output drive capability. 
In 
this instance, the common-mode 
voltage will be set halfway 


between 
the two references. 
This feature can be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADS801. 
Changing 
the full scale 


range to a lower value has the benefit of easing the swing 
requirements 
of external 
input 
amplifiers. 
The 
external 
references can vary as long as the value of the external top 
reference (REFT EXT) is less than or equal to +3.4 V and the 
value of the external bottom reference (REFBEXT) 
is greater 
than or equal 
to + 1.1V and the difference 
between 
the 


external references 
are greater than or equal to 1.5V. 
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For the differential configuration, 
the full scale input range 


will be set to the external reference values that are selected. For 
the single-ended 
mode, the input range is 2·(REFT EXT - 
REFBEXT)' 
with 
the 
common-mode 
being 
centered 
at 


(REFT EXT + REFBEXT)!2. Refer to the typical petformance 
curves for expected petformance 
vs full scale input range. 


PC BOARD 
LAYOUT 
AND BYPASSING 


A well-designed, 
clean PC board layout will assure proper 


operation and clean spectral response. Proper grounding and 
bypassing, 
short lead lengths, and the use of ground planes 
are particularly 
important for high frequency 
circuits. Mul- 


tilayer PC boards are recommended 
for best petformance 
but if carefully 
designed, a two-sided PC board with large, 
heavy ground planes can give excellent results. It is recom- 
mended 
that the analog 
and digital 
ground 
pins 
of the 


ADS801 be connected 
directly to the analog ground plane. 


In our experience, 
this gives the most consistent results. The 
AID power supply commons 
should be tied together at the 


analog ground 
plane. Power supplies 
should be bypassed 


with 0.11lF ceramic capacitors as close to the pin as possible. 


DYNAMIC 
PERFORMANCE 
TESTING 


The ADS801 
is a high petformance 
converter 
and careful 


attention to test techniques 
is necessary to achieve accurate 
results. Highly accurate phase-locked 
signal sources allow 
high 
resolution 
FFT 
measurements 
to be made 
without 
using data windowing 
functions. A low jitter signal genera- 
tor such as the HP8644A 
for the test signal, phase-locked 


with a low jitter HP8022A pulse generator for the AID clock, 
gives 
excellent 
results. 
Low 
pass 
filtering 
(or bandpass 


filtering) 
of test signals is absolutely 
necessary 
to test the 


low distortion 
of the ADS801. 
Using 
a signal amplitude 
slightly lower than full scale will allow a small amount of 
"headroom" 
so that noise 
or DC offset 
voltage 
will not 


overrange 
the AID and cause clipping on signal peaks. 


DYNAMIC 
PERFORMANCE 
DEFINITIONS 


I. Signal-to-Noise-and-Distortion 
Ratio (SINAD): 


10 10 
Sinewave Signal Power 


g 
Noise + Harmonic Power (first IS harmonics) 


2. Signal-to-Noise 
Ratio (SNR): 


Sinewave Signal Power 
10 log ------- 
Noise Power 


3. Intermodulation 
Distortion 
(IMD): 


Highest IMD Product Power (to 5th-order) 


10 log ------------- 


Sinewave Signal Power 


IMD is referenced 
to the larger of the test signals f, or f2. 


Five "bins" either side of peak are used for calculation 
of 
fundamental 
and harmonic 
power. The "0" frequency 
bin 
(DC) is not included 
in these calculations 
as it is of little 


importance 
in dynamic 
signal processing 
applications. 
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~-9b..c~.12-Bit, 
1OMHz Sampling 
ANALOG- TO-DIGITAL 
CONVERTER 


FEATURES 


• 
NO MISSING 
CODES 


• 
LOW POWER: 
250mW 


• 
INTERNAL 
REFERENCE 


• 
WIDEBAND 
TRACKlHOLD: 
65MHz 


• 
SINGLE 
+5V SUPPLY 


• 
3-STATE 
OUTPUTS 


APPLICATIONS 


• 
IF AND BASEBAND 
DIGITIZATION 


• 
DATA ACQUISITION 
CARDS 


• 
TEST INSTRUMENTATION 


• 
CCD IMAGING 
Copiers 
Scanners 
Cameras 


• 
VIDEO 
DIGITIZING 


• 
GAMMA 
CAMERAS 


The ADS 802 is a low power, monolithic 12-bit, IOMHz 
analog-to-digital 
converter 
utilizing a small geometry 


CMOS process. This COMPLETE 
converter includes 
a 12-bit quantizer, wideband track/hold, 
reference and 


three-state 
outputs. 
It operates 
from 
a single 
+5V 


power supply and can be configured 
to accept either 
differential 
or single-ended 
input signals. 


The ADS802 employs digital error correction in order 
to provide excellent Nyquist differential 
linearity per- 
formance for demanding 
imaging applications. 
Its low 


distortion, high SNR, and high oversampling capability 
give it the extra margin needed for telecommunications, 
test instrumentation 
and video applications. 


This high performance 
AfD converter 
is specified for 
AC and DC performance 
at a IOMHz sampling 
rate. 


The ADS802 is available 
in a 28-pin SOIC package. 
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SPECIFICATIONS 


At TA = +25°C, Vs = +SV, and Sampling 
Rate = 10MHz, with a 50% duty cycle clock having 2ns rise/fall time, unless otherwise 
noted. 


PARAMETER 
CONDITIONS 
TEMP 
MIN 
MAX 
UNITS 


Resolution 
12 Guaranteed 
Bits 
N 


Specified Temperature 
Range 
TAMBfENT 
-40 
+85 
°C 
0 
CO 
ANALOG 
INPUT 
CJ) 
Differential 
Full Scale Input Range 
Both Inputs 
+1.25 
+3.25 
V 
C 
Common-Mode 
Voltage 
+2.25 
V 


Analog Input Bandwidth 
(-3dB) 
<t 


Small Signal 
-20dBFSlf) 
Input 
+25°C 
400 
MHz 
Full Power 
OdBFS Input 
+25°C 
65 
MHz 
Input Impedance 
1.25114 
Mil II pF 


DIGITAL 
INPUT 
Logic Family 
nUHCT 
Compatible 
CMOS 
Convert Command 
Start Conversion 
Falling Edge 
CJ) 
ACCURACyt') 
~ 
Gain Error 
+25°C 
±O.6 
±1.5 
% 
Z 
Full 
±1.0 
±2.5 
% 


Gain Tampeo 
±85 
ppm/oC 
W 
Power Supply Rejection of Gain 
Delta +Vs = ±5% 
+25°C 
0.03 
0.1 
%FSR/% 
Z 
Input Offset Error 
+25°C 
±2.0 
±2.5 
% 
0 
Full 
±2.1 
±3.0 
%FSR/% 
Q. 


Power Supply Rejection of Offset 
Delta +Vs = ±5% 
+25'C 
0.05 
0.1 
%FSR/% 


CONVERSION 
CHARACTERISTICS 
~ 
Sample Rate 
10k 
10M 
Sample/s 
0 
Data Latency 
6.5 
Convert Cycle 0 
DYNAMIC 
CHARACTERISTICS 
Differential 
Linearity Error 
Z 
f: 
500kHz 
+25°C 
±O.3 
±1.0 
LSB 
0 
DoC to +85°C 
±O.4 
±1,0 
LSB 
i= 
f = 5MHz 
+25°C 
±O.4 
±1.0 
LSB 
O°C to +85'C 
±O.4 
±1.0 
LSB 
en 
No Missing Codes 
O°C to +85°C 
Guaranteed 
LSB 
- 
Integral Linearity Error at f = 500kHz 
Best Fit 
DoC to +85°C 
±1.7 
±2.75 
LSB 
::::) 
Spurious-Free 
Dynamic 
Range (SFDR) 
0 
f = 500kHz (-ldBFS 
input) 
+25°C 
67 
77 
dBFS 
Full 
66 
75 
dBFS 
0 


f = 5MHz (-ldBFS 
input) 
+25°C 
63 
67 
dBFS 
<t 
Full 
62 
66 
dBFS 


Two-Tone 
lntermodulation 
Distortion 
(IMD)(3) 


~ 
f : 4.4MHz and 4.5MHz (-7dBFS 
each tone) 
+25°C 
~5 
dBc 


Full 
~4 
dBc 
<c 
Signal-to-Noise 
Ratio (SNR) 
C 
f = 500kHz 
(-1 dBFS input) 
+25°C 
65 
67 
dB 
Full 
64 
67 
dB 
CJ) 
f = 5MHz (-ldBFS 
input) 
+25°C 
64 
66 
dB 
Full 
62 
66 
dB 
a: 
Signal-to-(Noise 
+ Distortion) 
(SINAD) 
W 


f = 500kHz 
(-1 dBFS input) 
+25°C 
63 
66 
dB 
~ 
Full 
61 
65 
dB 
a: 
f = 5MHz (-ldBFS 
input) 
+25°C 
61 
63 
dB 
W 
Full 
60 
62 
dB 
Differential 
Gain Error 
NTSC or PAL 
+25°C 
0.5 
% 
> 
Differential 
Phase Error 
NTSC or PAL 
+25°C 
0.1 
degrees 
Z 
Aperture 
Delay Time 
+25°C 
2 
ns 
0 
Aperture Jitter 
+25°C 
7 
ps rms 


Overvoltage 
Recovery Time(4) 
1,5x Full Scale Input 
+25°C 
2 
ns 
0 


NOTE: (1) dBFS refers to dB below Full Scale. (2). Percentage 
accuracies 
are referred to the internal AID Full Scale Range at 4Vp-p. (3) IMD is referred to the 
C 
larger of the two input signals. If referred to the peak envelope signal (""OdB), the intermodulation 
products will be 7dB lower. (4) No ~rollover" of bits. 
< 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR*BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CONT) 


At TA 
:: +25°C. Vs '" +SV, and Sampling 
Rate:: 
40MHz, with a 50% duty cycle clock having a 2ns riseJfall time, unless otherwise 
noted. 


ADS802U 


PARAMETER 
CONDITIONS 
TEMP 
MIN 
TYP 
MAX 
UNITS 


OUTPUTS 
I 
I 
Logic Family 
nUHCT 
Compatible 
CMOS 


Logic Coding 
Logic Selectable 
SOB or BTC 
Logic Levels 
Logic "LO" 
Full 
0 
0.4 
V 


Logic "HI" 
Full 
2.0 
+Vs 
V 
3-State Enable Time 
Full 
20 
40 
ns 
3·State Disable Time 
Full 
2 
10 
ns 


POWER SUPPLY 
REQUIREMENTS 


Supply Voltage: +Vs 
Operating 
Full 
+4.75 
+5.0 
+5.25 
V 
Supply Current: +Is 
Operating 
+25°C 
51 
62 
mA 
Operating 
Full 
52 
62 
mA 
Power Consumption 
Operating 
+25°C 
250 
310 
mW 
Operating 
Full 
260 
310 
mW 
Thermal Resistance, 
8JA 


28-Pin SOIC 
75 
°CIW 


___________ 
S-_D_S_8_0_2 
__ 
L¥J 
Basic Model Number 
-.J 
Package Code 
U: 28-Pin SOIC 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures can cause damage. 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


ADS802U 
28-Pin SOIC 
217 


+VS" 
+6V 
Analog Input 
OVto (+Vs+ 300mV) 
Logic Input 
OVto (+Vs+ 300mV) 
Case Temperature 
_. 
. 
+1000C 
Junction Temperature. 
. 
+150°C 
Storage Temperature 
+125°C 
External Top Reference Vohage (REFT) 
+3.4V Max 
External Bottom Reference Vohage (REFB) 
+1.IV 
Min 


NOTE: Stresses above these ratings may permanently 
damage the device. 
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PIN DESCRIPTIONS 


GND 
28 
GND 


B1 
iN 


B2 
IN 


B3 
GND 


B4 
+Vs 


B5 
REFT 


B6 
CM 
ADS802 
B7 
REFB 


B8 
+Vs 


B9 
MSBI 


B10 
BE 


B11 
+Vs 


B12 
CLK 


GND 
14 
15 
+Vs 


SOIC 
PIN 
DESIGNATOR 
DESCRIPTION 


1 
GND 
Ground 


2 
B1 
Bit 1, Most Significant 
Bit 


3 
B2 
Bit 2 
4 
B3 
Bit 3 
5 
B4 
Bit 4 
6 
B5 
Bit 5 


7 
B6 
Bit 6 


8 
B7 
Bit 7 


9 
B8 
Bit 8 
10 
B9 
Bit 9 
11 
B10 
Bit 10 
12 
B11 
Bit 11 
13 
B12 
Bit 12, Least Significant 
Bit 
14 
GND 
Ground 
15 
+VS 
+5V Power Supply 


16 
CLK 
Convert Clock Input, 50% Duty Cycle 


17 
+Vs 
+5V Power Supply 


18 
BE 
HI: High Impedance 
State. LO or Floating: Nor- 


mal Operation. 
Internal pUll-down resistors. 


19 
MSBI 
Most Significant 
Bit Inversion, 
HI: MSB inverted 
for complementary output. LO or Floating: Straight 
output. Internal pull-down 
resistors. 


20 
+Vs 
+5V Power Supply 


21 
REFB 
Bottom Reference 
Bypass. For external bypass- 
ing of internal +1.25V reference. 
22 
CM 
Common-Mode 
Voltage. 
It 
is 
derived 
by 


(REFT 
+ REFB)/2. 


23 
REFT 
Top Reference 
Bypass. For external 
bypassing 


of internal +3.25V reference. 
24 
+Vs 
+5V Power Supply 


25 
GND 
Ground 
26 
IN 
Input 
27 
iN 
Complementary 
Input 
28 
GND 
Ground 


SYMBOL 
DESCRIPTION 
MIN 
TVP 
MAX 
UNITS 


teONV 
Convert Clock Period 
100 
100lJS 
ns 
tL 
Clock Pulse Low 
48 
50 
ns 


tH 
Clock Pulse High 
48 
50 
ns 


to 
Aperture 
Delay 
2 
ns 


t, 
Data Hold Time, CL = OpF 
3.9 
ns 
t, 
New Data Delay Time, CL 
:::: 15pF max 
12.5 
ns 
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CD 
-40 


:!l. 
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Frequency (MHz) 
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PERFORMANCE 
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TYPICAL PERFORMANCE CURVES (CONT) 


DYNAMIC PERFORMANCE 
vs INPUT FREQUENCY 
SWEPT POWER SFDR 


80 
100 


75 
80 


iii 
(j) 
~ 
70 
"- 
60 
lD 
Z 
~ 


'" 
a: 
a: 65 
0 
40 
0 
"- 
"- 
'" 
'" 
SNR 


60 
20 


55 
0 
100k 
1M 
10M 
-50 
-40 
-30 
-20 
-10 
10 


Frequency (Hz) 
Input Amplitude 
(dBm) 


iii~ 
a: 
40 
z 
'" 


DYNAMIC PERFORMANCE 
DYNAMIC PERFORMANCE 


vs SINGLE-ENDED 
FULL-SCALE 
INPUT RANGE 
vs DIFFERENTIAL 
FULL-SCALE 
INPUT RANGE 


75 
75 


iii 
70 
iii 
70 
~ 
SNR (f'N • 5MHz) 
~ 


" 
" 
g> 
g> 
'" 
65 
'" 
a: 
a: 
65 
u 
" 
"E 
"E 


g! 
g! 
is 60 
is 60 


55 
55 


2 
3 
4 
2 
3 
4 


Single-Endec 
Full-Scale Range (Vp-p) 
Differential Full-Scale Input Range (Vp-p) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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ij) 
u. 
CD~ 
70 
a:0u. 
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Ambient 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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converter 
with pipelining. 
It uses a fully differential 
archi- 
tecture and digital error correction 
to guarantee 
l2-bit reso- 
lution. The differential 
track/hold circuit is shown in Figure 
I. The switches 
are controlled 
by an internal clock which 
has a non-overlapping 
two phase signal, <Illand <Il2.At the 
sampling 
time the input signal is sampled 
on the bottom 
plates of the input capacitors. In the next clock phase, <Il2,the 
bottom plates of the input capacitors are connected together 
and the feedback 
capacitors 
are switched 
to the op amp 
output. At this time the charge redistributes 
between Ct and 
CH, completing 
one track/hold cycle. The differential 
output 
is a held DC representation 
of the analog input at the sample 
time. The track/hold circuit can also convert a single-ended 
input signal into a fully differential 
signal for the quantizer. 


The pipelined quantizer architecture 
has II stages with each 
stage containing a two-bit quantizer and a two bit digital-to- 
analog converter, 
as shown in Figure 2. Each two-bit quan- 
tizer stage converts on the edge of the sub-clock, 
which is 
twice the frequency 
of the externally 
applied 
clock. The 
output of each quantizer 
is fed into its own delay line to li:i:~: 


$1 
~2 
$1 


FIGURE 
I. Input Track/Hold 
Configuration 
with Timing 
Signals. 


Digital Delay 
81 
(MS8) 


82 


83 


<= 
84 
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STAGE 2 
ij 
85 
!!! 
0 
86 
0 
g 
87 


x2 
w 
88 
~ 
89 
'" 
i5 
810 


Digital Delay 
811 


812 
(LS8) 
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the information 
found on the redundant 
bits. This technique 
gives the ADS802 excellent 
differential 
linearity and guar- 
antees no missing codes at the 12-bit level. 


Since there are two pipeline stages per external clock cycle, 
there is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The output data is available in 
Straight Offset Binary (SOB) or Binary Two's Complement 
(BTC) format. 


THE ANALOG 
INPUT AND INTERNAL 
REFERENCE 


The 
analog 
input 
of the ADS802 
can be configured 
in 
various ways and driven with different 
circuits, depending 


on the nature of the signal and the level of performance 
desired. The ADS802 has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode 
of +2.25V, 
with each of the two inputs having 
a full scale range of 


+1.25V to +3.25V. Since each input is 2V peak-to-peak 
and 


1800 out of phase with the other, a 4V differential 
input 


signal to the quantizer 
results. 
As shown in Figure 3, the 


positive 
full scale reference 
(REFT) and the negative 
full 


scale (REFB) 
are brought 
out for external 
bypassing. 
In 
addition, the common-mode 
voltage (CM) may be used as a 
reference 
to provide 
the appropriate 
offset for the driving 
circuitry. 
However, 
care must be taken not to appreciably 


load this reference 
node. For more information 
regarding 
external references, 
single-ended 
input, and ADS802 drive 
circuits, refer to the applications 
section. 


To 
Internal 


Comparators 


CLOCK 
REQUIREMENTS 


The CLK pin accepts a CMOS level clock input. The rising 
and falling edges of the externally applied convert command 
clock control the various interstage conversions 
in the pipe- 
line. Therefore, 
the duty cycle of the clock should be held at 
50% with low jitter and fast rise/fall times of 2ns or less. 
This is particularly 
important 
when digitizing 
a high fre- 
quency 
input and operating 
at the maximum 
sample rate. 


Deviation 
from a 50% duty cycle will effectively 
shonen 


some of the interstage 
settling 
times, 
thus degrading 
the 
SNR and DNL performance. 


a full scale input signal corresponds 
to all "I 's" at the output. 


This condition is met with pin 19 "LO" or Floating due to an 
internal pull-down resistor. By applying a logic "HI" voltage 
N 
to this pin, a Binary 
Two's 
Complement 
output 
will be 
~ 
provided 
where 
the most significant 
bit is inverted. 
The 
CJ) 
digital outputs of the ADS802 can be set to a high imped- 
C 
ance state by driving OE (pin 18) with a logic "HI". Normal « 
operation 
is achieved 
with pin 18 "LO" or Floating due to 
internal pull-down 
resistors. 
This function 
is provided 
for~ 
testability 
purposes 
and is not meant to drive digital buses'" 
directly or be dynamically 
changed 
during the conversion 
process. 
CJ) 
~Z 
WZoa. 


==oozo 
i= 
~::;)oo« 


~ic( 
C 


CJ)a:w 
~a:w>zoo 
C« 


OUTPUT 
CODE 


SOB 
BTC 
PIN 19 
PIN 19 


DIFFERENTIAL 
INPUl"l') 
FLOATING or lOW 
HIGH 


+FS (IN: +3.25V, IN: +1.25V) 
111111111111 
011111111111 


+FS -llSB 
111111111111 
011111111111 


+FS -2LSB 
111111111110 
011111111110 


+3/4 Full Scale 
111000000000 
011000000000 


+1/2 Full Scale 
110000000000 
010000000000 


+1/4 Full Scale 
101000000000 
001000000000 


+1LSB 
100000000001 
000000000001 
Bipolar Zero (IN: iN : +2.25V) 
100000000000 
000000000000 
-lLSB 
011111111111 
111111111111 
-114 Full Scale 
011000000000 
111000000000 


-1/2 
Full Scale 
010000000000 
110000000000 


-3/4 
Full Scale 
001000000000 
101000000000 


-FS 
+lLSB 
000000000001 
100000000001 


-FS (IN. +1.25V, iN • +3.25V) 
000000000000 
100000000000 


Note: In the single·ended input mode, +FS = +4.25V and -FS = +O.25V. 


The ADS802 has a differential 
input with a common-mode 


of +2.25V. For AC-coupled 
applications, 
the simplest way 


to create 
this 
differential 
input 
is to drive 
the primary 


winding 
of a transformer 
with 
a single-ended 
input. 
A 


differential 
output is created on the secondary 
if the center 


tap is tied to the common-mode 
voltage 
of +2.25V 
per 


Figure 4. This transformer-coupled 
input arrangement 
pro- 


AC Input 
_ _ _ _ _ _ _ 
, 


.,,,~!",.=;.: 


8T1'6'KK81 
, 


"7" 
: 
or equivalent: 


1 
1 


FIGURE 4. AC-Coupled 
Single-Ended 
to Differential 
Drive 


Circuit Using a Transformer. 
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Optional 


High 
Impedance 


Input Amplifier 
(2) 


\ 
+5V 


DC·Coupled 
Input Signal 


t 
Input Level 
Shift Buffer 


vides good high frequency 
AC performance. 
It is important 
to select a transformer 
that gives low distortion and does not 
exhibit core saturation at full scale voltage levels. Since the 
transformer 
does not appreciably 
load the ladder, there is no 
need to buffer the common-mode 
(CM) output in this in- 
stance. In general, it is advisable 
to keep the current draw 
from the CM output pin below O.S~ 
to avoid nonlinearity 
in the internal 
reference 
ladder. A FET input operational 
amplifier such as the OPA130 can provide a buffered refer- 
ence for driving external 
circuitry. 
The analog IN and IN 
inputs should be bypassed with 22pF capacitors to minimize 
track/hold 
glitches 
and to improve 
high input frequency 
performance. 


If the signal needs to be DC coupled 
to the input of the 
ADS802, 
an operational 
amplifier 
input circuit is required. 


In the differential 
input mode, any single-ended 
signal must 
be modified 
to create 
a differential 
signal. 
This can be 
accomplished 
by using two operational 
amplifiers, 
one in 
the noninverting 
mode for the input and the other amplifier 
in the inverting mode for the complementary 
input. The low 
distortion circuit in Figure 5 will provide the necessary input 
shifting required for signals centered around ground. It also 
employs a diode for output level shifting to guarantee a low 
distortion 
+3.2SV 
output 
swing. 
Other 
amplifiers 
can be 
used in place of the OPA642s if the lowest distortion is not 
necessary. 
If output level shifting circuits are not used, care 
must be taken to select operational 
amplifiers 
that give the 
necessary 
performance 
when swinging 
to +3.2SV 
with a 
±SV supply operational 
amplifier. 


The ADS802 
can also be configured 
with a single-ended 
input full scale range of +O.2SV to +4.2SV by tying the 
complementary 
input to the common-mode 
reference voltage 
as shown 
in Figure 
6. This configuration 
will result 
in 
increased 
even-order 
harmonics, 
especially 
at higher input 


frequencies. 
However, this tradeoff may be quite acceptable 
for time-domain 
applications. 
The driving 
amplifier 
must 
give adequate performance 
with a +O.2SV to +4.2SV output 
swing in this case. 


EXTERNAL 
REFERENCES 
AND ADJUSTMENT 
OF 
FULL SCALE 
RANGE 


The internal reference 
buffers are limited to approximately 
ImA of output current. As a result, these internal + 1.2SV 
and +3.2SV references 
may overridden 
by external 
refer- 
ences that have at least 2SmA of output drive capability. 
In 
this instance, the common-mode 
voltage will be set halfway 
between 
the two references. 
This feature 
can be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADS802. 
Changing 
the full scale 
range to a lower value has the benefit of easing the swing 
requirements 
of external input drive amplifiers. The external 
references 
can vary as long as the value of the external top 
reference 
(REFT EXT) is less than or equal to +3.4V and the 
value of the external bottom reference (REFBEXT) 
is greater 
than 
or equal 
to + 1.1V and the difference 
between 
the 
external references 
are greater than or equal to l.SV. 


BURR - BROWN" 
,ElEI, 


IOTI4FCT2245 
11 
9 


12 


13 


'5I. 


~ 
17 


.Vs 
1S 


Ex1 
CLK 


CI< 


Mini-circuits 
TT1-6-KK81 
or equi ..••alent 


For the differential configuration, the full scale input range will 
be set to the external reference values that are selected. For the 
single-ended mode, the input range is 2o(REFf 
EXT- REFBEXT), 
with 
the 
common-mode 
being 
centered 
at (REFf EXT + 
REFBEXT)/2. 
Refer to the typical 
performance 
curves 
for 
expected performance vs full scale input range. 


PC BOARD 
LAYOUT 
AND BYPASSING 


A well-designed, 
clean PC board layout will assure proper 


operation and clean spectral response. Proper grounding and 
bypassing, 
short lead lengths, and the use of ground planes 


are particularly 
important for high frequency 
circuits. Mul- 


tilayer PC boards are recommended 
for best performance 
but if carefully 
designed, 
a two-sided 
PC board with large, 
heavy ground planes can give excellent results. It is recom- 
mended 
that the analog 
and digital 
ground 
pins 
of the 
ADS802 be connected 
directly to the analog ground plane. 


In our experience, 
this gives the most consistent results. The 
AID power supply commons 
should be tied together at the 
analog ground 
plane. Power 
supplies 
should be bypassed 


with 0.1 ~ 
ceramic capacitors as close to the pin as possible. 


DYNAMIC 
PERFORMANCE 
TESTING 


The ADS802 
is a high performance 
converter 
and careful 


attention to test techniques 
is necessary to achieve accurate 
results. HigWy accurate phase-locked 
signal sources allow 
high resolution FFf measurements 
to be made without using 
data windowing 
functions. 
A low jitter signal generator such 
as the HP8644A for the test signal, phase-locked 
with a low 


jitter 
HP8022A 
pulse generator 
for the AID clock, 
gives 


excellent 
results. Low pass filtering (or bandpass 
fLltering) 


of test signals is absolutely necessary 
to test the low distor- 
tion of the ADS802. Using a signal amplitude slightly lower 
than full scale will allow a small amount of "headroom" 
so 


that noise or DC offset voltage will not overrange 
the AID 
and cause clipping on signal peaks. 


DYNAMIC 
PERFORMANCE 
DEFINITIONS 


1. Signal-to-Noise-and-Distortion 
Ratio (SINAD): 


10 10 
Sinewave Signal Power 
g Noise + Harmonic Power (first IS harmonics) 


2. Signal-to-Noise 
Ratio (SNR): 
Sinewave Signal Power 
10 log -------- 


Noise Power 


3. Intermodulation 
Distortion 
(lMD): 


Highest IMD Product Power (to 5th-order) 


10 log -------------- 


Sinewave Signal Power 


IMD is referenced 
to the larger of the test signals fl or f2. 
Five "bins" either side of peak are used for calculation 
of 
fundamental 
and harmonic 
power. The "0" frequency 
bin 
(DC) is not included 
in these calculations 
as it is of little 


importance 
in dynamic 
signal processing 
applications. 
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Spee~JC~~ 
10-Bit, 20MHz Sampling 
ANALOG-TO-DIGITAL 
CONVERTER 


FEATURES 


• 
NO MISSING 
CODES 


• 
INTERNAL 
REFERENCE 


• 
LOW DIFFERENTIAL 
LINEARITY 
ERROR: 
O.2LSB 


• 
LOW POWER: 
195mW 


• 
HIGH SNR: 60dB 


• 
WIDEBAND 
TRACK/HOLD: 
65MHz 


• 
3-STATE 
OUTPUTS 


• 
PACKAGE: 
28-Pin SOIC 


APPLICATIONS 


• 
SET-TOP 
BOXES 


• 
CABLE 
MODEMS 


• 
VIDEO 
DIGITIZING 


• 
CCD IMAGING 
Camcorders 
Copiers 
Scanners 
Security 
Cameras 


• 
IF AND BASEBAND 
DIGITIZATION 


The ADS820 is a low power, monolithic lO-bit, 20MHz 
analog-to-digital 
converter utilizing a small geometry 


CMOS process. This COMPLETE 
converter includes 


a lO-bit quantizer 
with internal track/hold, 
reference, 
and a power down feature. It operates from a single 
+5V power supply and can be configured 
to accept 
either differential 
or single-ended 
input signals. 


The ADS820 employs digital error correction to pro- 
vide 
excellent 
Nyquist 
differential 
linearity 
perfor- 
mance for demanding 
imaging 
applications. 
Its low 


distortion, high SNR and high oversampling 
capability 


give it the extra margin needed for telecommunications 
and video applications. 


This high performance 
converter 
is specified 
for AC 
and DC performance 
at a 20MHz sampling 
rate. The 


ADS820 
is available 
in a 28-pin 
SOIC package. 
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SPECIFICATIONS 


At TA = +25°C, 
Vs:::+SV, Sampling 
Rate:: 
20MHz, 
with a 50% 
duty cycle clock having 
a 2ns riseJfall time, 
unless otherwise 
noted. 


PARAMETER 
CONDITIONS 
TEMP 
MIN 
MAX 
UNITS 


Resolution 
10 Guaranteed 
Bits 
0 


Specified 
Temperature 
Range 
TAMBIENT 
-40 
+85 
'c 
N 
CO 
ANALOG 
INPUT 
en 
Differential 
Full Scale 
Input Range 
+1.25 
+3.25 
V 
0 
Common-Mode 
Voltage 
2.25 
V 


Analog Input Bandwidth 
(-3d B) 
< 
Small Signal 
-20dB 
Input 
+25'C 
120 
MHz 


Full Power 
OdB Input 
+25'C 
65 
MHz 


Input Impedance 
1.25114 
MQ II pF 


DIGITAL INPUT 
Logic Family 
nUHCT 
Compatible 
CMOS 
Convert 
Command 
Start Conversion 
Falling Edge 
en 


ACCURACY!') 
I- 


Gain 
Error 
+25'C 
±O.6 
±1.5 
% 
Z 
Full 
±LO 
±2.5 
% 


Gain Tempco 
±85 
ppmf'C 
W 


Power 
Supply 
Rejection 
of Gain 
Delta +Vs :: ±5% 
+25°C 
0.01 
0.1 
%FSRJO/o 
Z 


Input Offset 
Error 
+25'C 
±2.0 
±2.5 
% 
0 
Full 
±2.1 
±3.0 
%FSR/% 
Q. 


Power 
Supply 
Rejection 
of Offset 
Delta +Vs :: ±5% 
+25'C 
0.02 
0.1 
%FSR/% 
:= 
CONVERSION 
CHARACTERISTICS 


Sample Rate 
10k 
20M 
Sample/s 
0 


Data 
Latency 
6.5 
Convert Cycle 
0 


DYNAMIC 
CHARACTERISTICS 
Z 
Differential 
Linearity 
Error 


f • 500kHz 
+25'C 
±O.15 
±LO 
LSB 
0 
Full 
±O.15 
±LO 
LSB 
i= 
f = 10MHz 
+25'C 
±O.2 
±1.0 
LSB 


Full 
±O.2 
±1.0 
LSB 
en 
No Missing 
Codes 
Full 
Guaranteed 


Integral 
Linearity 
Error at f = 500kHz 
Full 
±O.5 
±2.0 
LSB 
::::) 


Spurious-Free 
Dynamic 
Range (SFDR) 
0 
f = 500kHz (-ldBFS 
input) 
+25°C 
67 
77 
dBFS 


Full 
64 
74 
dBFS 
0 


f. 
10MHz (-ldBFS 
input) 
+25'C 
59 
63 
dBFS 
< 
Full 
57 
62 
dBFS 


~ 


Two-Tone 
Intermodulation 
Distortion 
(IMD)(3) 


f = 4.4MHz and 4.5MHz (referred to -ldBFS 
envelope) 
+25°C 
-61 
dBc 


Full 
-60 
dBc 
« 


Signal-to-Noise 
Ratio (SNR) 
0 
f. 
500kHz 
(-ldBFS 
input) 
+25'C 
58 
60.5 
dB 
Full 
56 
60 
dB 
en 
f: 
10MHz (-1dBFS 
input) 
+25°C 
58 
60 
dB 
a: 
Full 
56 
60 
dB 
SignaHo-(Noise 
+ Distortion) 
(SINAD) 
W 


f E 500kHz 
(-ldBFS 
input) 
+25'C 
58 
60 
dB 
I- 


Full 
55 
60 
dB 
a: 
f s 10MHz (-1dBFS 
input) 
+25°C 
56 
58 
dB 
W 
Full 
54 
57 
dB 
> 
Differential 
Gain 
Error 
NTSC or PAL 
+25°C 
0.5 
% 


Differential 
Phase 
Error 
NTSC or PAL 
+25°C 
0.1 
degrees 
Z 
Effective 
Bits(4) 
fiN. 
3.58MHz 
9.5 
Bits 
0 
Aperture 
Delay Time 
+25'C 
2 
ns 
0 
Aperture 
Jitter 
+25°C 
7 
ps rms 
Overvoltage 
Recovery 
Time(5l 
1.5x Full Scale Inpul 
+25'C 
2 
ns 
0 


NOTE: (1) dBFS refers to dB below Full Scale. (2) Percentage 
accuracies 
are referred to the internal AID Full Scale Range ot 4Vp-p. (3) IMD is referred 10 the a 
larger of the two input signals. 
If referred 
to the peak 
envelope 
signal (""OdB), the intermodulation 
products will be 7dB lower. (4) Based 
on (SINAD 
- 
1.76)/6.02. 
(5) No "rollover" of bits. 


The information provid9d horoin io bo/iovod 
to be reliable, however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirety at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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SPECIFICATIONS 
(CONT) 


At TA 
'" +25°C. Vs::::+SV, Sampling 
Rate = 20MHz, with a 50% duty cycle clock having a 2ns rise/fall time. unless otherwise 
noted. 


ADS820U 


PARAMETER 
CONDITIONS 
TEMP 
MIN 
TYP 
I 
MAX 
UNITS 


OUTPUTS 


TTUJCT 
Compatible 
dMOS 
Logic Family 
Logic Coding 
Logic Selectable 
SOB or BTC 


Logic Levels 
Logic "La", CL = 15pF 
Full 
0 
0.4 
Y 


Logic "HI", CL = 15pF 
Full 
2.5 
+Ys 
Y 
3-State Enable Time 
20 
40 
ns 
3-State Disable Time 
Full 
2 
10 
ns 


POWER SUPPLY 
REQUIREMENTS 
Supply Yoltage: +Ys 
Operating 
Full 
+4.75 
+5 
+5.25 
Y 
Supply Current: +Is 
Operating 
+25°C 
39 
47 
mA 
Operating 
Full 
40 
55 
mA 


Power Consumption 
Operating 
+25°C 
195 
235 
mW 


Operating 
Full 
200 
275 
MW 


Thermal 
Resistance. 
8JA 
28-Pin SOIC 
75 
°CiW 


___________ 
----,-_A_D_S_8_2_0 
__ J 


U 
Basic Model Number 
- 


Package Code 
U: 28-Pin SOIC 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures can cause damage. 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 


Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


ADS820U 
28-Pin SOIC 
217 


+VS" 
••..•..•....•.................................. 
+6V 
Analog Input 
OY to (+Ys+ 300mY) 


Logic Input 
OY to (+Ys + 300mY) 
Case Temperature 
+1DOoe 
Junction Temperature 
+150°C 
Storage Temperature.. 
.. 
+125°C 


External Top Reference Voltage (REFT) 
+3.4V Max 


External Sottom Reference Voltage (REFS) 
+1.1V Min 


NOTE: Stresses above these ratings may permanently 
damage the device. 
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PIN DESCRIPTIONS 


SOIC 
PIN 
DESIGNATOR 
DESCRIPTION 


1 
GNO 
Ground 
2 
B1 
Bit 1, Most Significant 
Bit 
3 
B2 
Bit 2 
4 
B3 
Bit 3 
5 
B4 
Bit 4 
6 
B5 
Bit 5 


7 
B6 
Bit 6 
8 
B7 
Bit 7 


9 
B8 
Bit 8 
10 
B9 
Bil9 
11 
B10 
Bit 10, Least Significant 
Bit 
12 
ONC 
Do not connect. 


13 
ONC 
Do not connect. 


14 
GNO 
Ground 
15 
+Vs 
+5V Power Supply 


16 
ClK 
Convert Clock Input, 50% Duty Cycle 


17 
+Vs 
+5V Power Supply 


18 
6E 
HI: High Impedance 
Slate. lO 
or Floating: Nor- 


mal Operation. 
Internal pull-down 
resistor. 
19 
MSBI 
Most Significant 
Bit Inversion, 
HI: MSB inverted 


for complementary output. LO or Floating: Straight 
output. Internal pUll-down resistor. 


20 
+Vs 
+5V Power Supply 


21 
REFB 
Bottom Reference 
Bypass. For external bypass· 


ing of internal +1.25V reference. 
22 
CM 
Common-Mode 
Voltage. It is derived by (REFT + 


REFB)/2. 
23 
REFT 
Top Reference 
Bypass. For external bypassing 


of internal +3.25V reference. 


24 
+Vs 
+5V Power Supply 


25 
GNO 
Ground 
26 
IN 
Input 
27 
iN 
Complementary 
Input 
28 
GNO 
Ground 


GNO 
28 
GNO 


Blt1(MSB) 
IN 


Bit 2 
IN 


Bit 3 
GNO 


Bil4 
+Vs 


Bit 5 
REFT 


Bit6 
CM 
ADS820 
Bit7 
REFB 


Bit 8 
+Vs 


Bit 9 
MSBI 


Bit 10 (lSB) 
OE 


ONC 
+Vs 


ONC 
ClK 


GNO 
14 
15 
+Vs 


ONC: Do Not Connect 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


teONV 
Convert Clock Period 
50 
100~ 
ns 


tl 
Clock Pulse Low 
24 
25 
ns 
tH 
Clock Pulse High 
24 
25 
ns 


10 
Aperture 
Delay 
2 
ns 
I, 
Data Hold Time. Cl = OpF 
3.9 
ns 


I, 
New Data Delay Time, CL "" 15pF max 
12.5 
ns 
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-20 


iil 
-40 


:E... 
~ 
-li0 
c. 
E« 
-li0 


-100 


fiN = ~OOkHZ 
fs=10MHz 
- 


, 
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2.0 
3.0 


Frequency (MHz) 


-20 


iil 
-40 


:E...~ 
-li0 
:a 
E« 
-li0 


-100 


4.0 
6.0 


Frequency (MHz) 


-20 


iil 
-40 
~..~ 
-l)Q 
a 
E« 
-li0 


-100 


fiN =~.8MHZ 


I 
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4.0 
6.0 


Frequency (MHz) 


-20 


iil 
-40 


:E..." 
-li0 
:Ec. 
E« 
-li0 


-100 


f, = 4.5MHz 


f2 = 4.4MHz 


2.50 
5.00 
7.50 


Frequency (MHz) 


DIFFERENTIAL 
LINEARITY 
ERROR 
DIFFERENTIAL 
LINEARITY 
ERROR 


2.0 


fiN = 5~OkHZ 


2.0 


fiN = 1 


1 
0MHZ 


1.0 
1.0 


iil 
iil 
~ 


(/)2- 


"j 
W 
...J 
0 
0 


-1.0 
-1.0 


-2.0 
-2.0 
24 
224 
424 
624 
824 
1024 
24 
224 
424 
624 
824 
1024 


Code 
Code 
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II 


'" 


~Fb~1 


'< 


SNR- 


I 
\ 


I 


~ 
75 


a:: 
t5 
70 
cio 
~ 
65 


1M 
10M 


Frequency (Hz) 


iil~ 
a:: 
30 
z 
(f) 


80 


75 
iil~ 
<I> 
70 
C>~ 
a:: 
0 
.E' 
65 
~ 
0 
60 


55 


I 


SFDR (f'N = 500kHz) 


Single-Ended 
Full-Scale Input Range (Vp-p) 


NOTE: 
REFT EXT varied, REFS 
is fixed at the internal value of +1.25V. 


100 


80 


iii 


"'- 
60 
lD~ 
a::0 
40 
"'-(f) 


20 


f'N = 10MHz 


---./ 
~ '\ 


-40 
-30 
-20 
-10 


Input Amplitude (dBm) 


4.0 


2.0 


iil 
(f)d- 
O 
w:! 


-2.0 


f'N = 500kHz 


-- 
~ 
f'- 
~ 
.1'->.. 


"'V 
""-. 


SFDR (f'N = 500kHz) 
\ 
iil~ 


<I> 
70 


fij 
a:: 
o 
.E' 
65 
~ 
o 


Differential Full-Scale Input Range (Vp-p) 


NOTE: 
REFT EXT varied, REFS 
is fixed at internal value of + 1.25V. 
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TYPICAL PERFORMANCE CURVES (CONT) 


0.2 
iD 
~ 


W 
...J 
0 
0.1 


o 
25 
50 


Ambient Temperature ee) 


f'N: 
500kHz\ 


f~ .10MHz 


iD 
:!l. 
a: 
60 
z 
(f) 


o 
25 
50 


Ambient Temperature 
(0G) 


25 
50 


Ambient Temperature 
(QC) 


90 


80 


iii 
u. 
'":!l. 
70 
a:0u. 
(f) 


60 


.1 
.1. 
fN = 5~OkHZ 
--I--- 


I. 
f'N.10IHZ 


o 
25 
50 


Ambient Temperature 
(0G) 


~ 


f'N = 500k\, 


t 


f'N 110MHZ 
c------ 


25 
50 


Ambient Temperature 
(OC) 


210 


200 
~ 
E- 
li; 
190 
~ 
0 
c.. 


180 


-------- 


. 


o 
25 
50 


Ambient Temperature 
(0G) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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THEORY OF OPERATION 


The ADS820 
is a high speed 
sampling 
analog-to-digital 
converter 
with pipelining. 
It uses a fully differential 
archi- 
tecture and digital error correction 
to guarantee 
lO-bit reso- 
lution. The differential 
track/hold circuit is shown in Figure 
1. The switches are controlled by an internal clock which has 
a non-overlapping 
two phase 
signal, 
$1 and $2. At the 
sampling 
time the input signal is sampled 
on the bottom 
plates of the input capacitors. In the next clock phase, $2, the 
bottom plates of the input capacitors are connected together 
and the feedback 
capacitors 
are switched 
to the op amp 
output. At this time the charge redistributes 
between C1 and 
CH, completing 
one track/hold cycle. The differential output 
is a held DC representation 
of the analog input at the sample 
time. The track/hold 
circuit can also convert a single-ended 
input signal into a fully differential 
signal for the quantizer. 


The pipelined quantizer 
architecture 
has 9 stages with each 
stage containing a two-bit quantizer and a two bit digital-to- 
analog converter, 
as shown in Figure 2. Each two-bit quan- 
tizer stage converts on the edge of the sub-clock, 
which is 
twice the frequency 
of the externally 
applied 
clock. The 
output of each quantizer 
is fed into its own delay line to li:iiii: 


~1 
~2 
~, 


FIGURE 
1. Input Track/Hold 
Configuration 
with Timing 
Signals. 


Digital 
Delay 


B1 (MSB) 


B2 


c 
B3 
0·u 
B4 
~ 
0 
B5 
u 
g 
B6 


UJ 
B7 
S'", 
B8 
is 
B9 


Digital 
Delay 
B10 (LSB) 
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time-align 
it with the data created from the following quan- 
tizer stages. 
This aligned 
data is fed into a digital 
error 


correction circuit which can adjust the output data based on 
the information 
found on the redundant bits. This technique 
gives the ADS820 excellent differential 
linearity and guar- 


antees no missing codes at the 10-bit level. 


There is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The output data is available in 
Straight Offset Binary (SOB) or Binary Two's Complement 
(BTC) format. 


THE ANALOG 
INPUT AND INTERNAL 
REFERENCE 


The 
analog 
input 
of the ADS820 
can be configured 
in 


various ways and driven with different circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS820 has an internal reference that sets the 
full scale input range of the AID. The differential 
input range 


has each input centered around the common-mode 
of +2.25V, 
with each of the two inputs having 
a full scale range of 


+1.25V to +3.25V. Since each input is 2V peak-to-peak 
and 
1800 out of phase with the other, a 4V differential 
input 


signal to the quantizer 
results. As shown in Figure 3, the 


positive 
full scale reference 
(REFT) and the negative 
full 


scale reference (REFB) are brought out for external bypass- 
ing. In addition, 
the common-mode 
voltage (CM) may be 


used as a reference to provide the appropriate 
offset for the 


driving circuitry. However, care must be taken not to appre- 
ciably load this reference 
node. For more information 
re- 
garding 
external 
references, 
single-ended 
inputs, 
and 


ADS820 drive circuits, refer to the applications 
section. 


To 
Internal 
Comparators 


CLOCK 
REQUIREMENTS 


The CLK pin accepts a CMOS level clock input. The rising 
and falling edge of the externally 
applied convert command 
clock control the various interstage conversions 
in the pipe- 


line. Therefore, 
the duty cycle of the clock should be held at 


50% with low jitter and fast rise/fall times of2ns or less. This 
is especially 
important 
when digitizing 
a high frequency 


input and operating at the maximum sample rate. Deviation 
from a 50% dUly CyCle will effectively 
shorten some of the 


interstage 
settling times, thus degrading 
the SNR and DNL 


performance. 


DIGITAL 
OUTPUT 
DATA 


The lO-bit output data is provided 
at CMOS 
logic levels. 


The standard output coding is Straight Offset Binary where 
a full scale input signal corresponds 
to all "I 's" at the output. 


This condition is met with pin 19 "LO" or Floating due to an 
internal pull-down 
resistor. 
By applying 
a high voltage to 
0 
this pin, a Binary Two's 
Complement 
output will be pro- 
~ 


vided where the most significant 
bit is inverted. The digital 
en 
outputs of the ADS820 can be set to a high impedance 
state 
C 
by driving OE (pin 18) with a logic "HI". Normal operation 
<C 
is achieved 
with pin 18 "LO" or Floating 
due to internal 
pull-down 
resistors. This function is provided for testability" 
purposes and is not meant to drive digital buses directly or" 
be dynamically 
changed during the conversion 
process. 


OUTPUT 
CODE 


SOB 
BTC 
PIN 19 
PIN 19 
DIFFERENTIAL 
INPUl1'l 
FLOATING 
or LO 
HI 


+FS (IN = +3.25V, IN = +1.25V) 
1,'1,'11" 
0"111,1,, 
+FS -1LSB 
1,11,'11" 
0111"11,, 
+FS -2LSB 
,,'1,'1,,0 
011",11,0 
+3/4 Full Scale 
,,10000000 
0,10000000 


+,/2 
Full Scale 
"00000000 
0'00000000 
+1/4 Full Scale 
'010000000 
0010000000 
+,LSB 
,00000000, 
000000000, 


Bipolar Zero (IN = iN = +2.25V) 
'000000000 
0000000000 


-1LSB 
0"1,,'1,, 
",1"'1,, 
-114 Full Scale 
0"0000000 
"'0000000 


-1/2 
Full Scale 
0,00000000 
,,00000000 


-3/4 
Full Scale 
0010000000 
1010000000 
-FS 
+1LSB 
0000000001 
100000000, 
-FS 
(IN = +1.25V, iN = +3.25V) 
0000000000 
1000000000 


Note: In the single·ended 
input mode. +FS "" +4.25V and -FS 
:: +O.25V. 


DRIVING 
THE ADS820 


The ADS820 has a differential 
input with a common-mode 


of +2.25V. For AC-coupled 
applications, 
the simplest way 


to create 
this differential 
input 
is to drive 
the primary 
winding 
of a transformer 
with 
a single-ended 
input. 
A 


differential 
output is created on the secondary 
if the center 


tap is tied to the common-mode 
voltage (CM) of +2.25V per 


Figure 4. This transformer-coupled 
input arrangement 
pro- 


AClnput 
_ 


,,~,~~o=,. 


8T1'S'KKS1 
, 
-=- 
: 
or equivalent: 


,-- 
1 


FIGURE 4. AC-Coupled 
Single-Ended 
to Differential 
Drive 


Circuit Using a Transformer. 
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vides good high frequency AC performance. 
It is important 
to select a transformer that gives low distortion and does not 
exhibit core saturation at full scale voltage levels. Since the 
transformer 
does not appreciably 
load the ladder, there is no 
need to buffer the common-mode 
(CM) output in this in- 


stance. In general, it is advisable 
to keep the current draw 


from the CM output pin below O.S~ 
to avoid nonlinearity 
in the internal 
reference 
ladder. A FET input operational 
amplifier such as the OPAI30 
can provide a buffered refer- 


ence for driving external 
circuitry. 
The analog IN and IN 
inputs should be bypassed with 22pF capacitors to minimize 


Optional 
High Impedance 


Input AmPlif\ 
+5VI2' 


DC-Coupled 
Input Signal 


track/hold 
glitches 
and to improve 
high input frequency 
performance. 


If the signal needs to be DC coupled 
to the input of the 
ADS820, 
an operational 
amplifier 
input circuit is required. 
In the differential 
input mode, any single-ended 
signal must 
be modified 
to create 
a differential 
signal. 
This 
can be 
accomplished 
by using two operational 
amplifiers, 
one in 
the non inverting mode for the input and the other amplifier 
in the inverting mode for the complementary 
input. The low 
distortion circuit in Figure 5 will provide the necessary input 
shifting required for signals centered around ground. It also 


NOTES: (1) A Philips BAS16 diode or equivalent may be used. 
(2) Supply bypassing not shown. (3) OPA620 or OPA650 may be 
substituted. 
See "Driving the ADS820" 
section. 


+5V 
-5V 


4 
2430 
21dl 
-5V 
DC-Coupled 
Input Signal 


IN 


lkO 


OPA660 
1nF 


8 
2000 
5 


5000 
1kO 
ADS820 


11dl 


5000 
2000 
IO.l~F 


Voor 
iN 


2430 
-5V 
OPA660 
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Full SCale '= +O.25V to +4.25V 
with internal references. 


FIGURE 
7. Single-Ended 
Input Connection. 


employs a diode for output level shifting to guarantee a low 
distortion +3.25V output swing. Another DC-coupled 
circuit 
is shown in Figure 6. Other amplifiers can be used in place 
of the OPA642s 
if the lowest distortion 
is not necessary. 
If 
output level shifting circuits are not used, care must be taken 
to select operational 
amplifiers 
that give the necessary per- 


formance 
when 
swinging 
to +3.25V 
with a ±5V 
supply 
operational 
amplifier. 
The OPA620 
and OPA621, 
or the 
lower power OPA650 and OPA65 I can be used in place of 
the OP A642s in Figure 5. In that configuration, 
the OP A650 
and OPA651 
will typically 
swing 
to within 
lOOmV of 
positive 
full scale. If the OPA621 
or OPA65 I is used, the 
input buffer must be configured 
in a gain of 2. 


The ADS820 
can also be configured 
with a single-ended 
input full scale range of +O.25V to +4.25V 
by tying the 
complementary 
input to the common-mode 
reference voltage 
as shown 
in Figure 
7. This 
configuration 
will result 
in 


Mini-eircuits 
TT1-6-KK81 


or equivalent 


increased 
even-order 
harmonics, 
especially 
at higher input 
frequencies. However, this tradeoff may be quite acceptable 
for time-domain 
applications. 
The driving 
amplifier 
must 
give adequate performance 
with a +O.25V to +4.25V output 
swing in this case. 


EXTERNAL 
REFERENCES 
AND ADJUSTMENT 
OF 
FULL SCALE 
RANGE 


The internal reference 
buffers are limited to approximately 


ImA of output current. 
As a result, these internal +1.25V 
and +3.25V 
references 
may overridden 
by external 
refer- 
2 


ences that have at least 25mA of output drive capability. 
In 


this instance, the common-mode 
voltage Will be set halfway 
between 
the two references. 
This feature 
can be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADS820. 
Changing 
the full scale 
range to a lower value has the benefit of easing the swing 
requirements 
of external input amplifiers. 
The external ref- 


erences 
can vary as long as the value of the external 
top 


reference 
(REFfEXT) is less than or equal to +3.4V and the 
value of the external bottom reference (REFBExT) is greater 
than or equal 
to + 1.1V and the difference 
between 
the 
external references 
are greater than or equal to 800m V. 


For the differential 
configuration, 
the full scale input range 
will be set to the external reference values that are selected. 
For the single-ended mode, the input range is 2.(REFf EXT- 
REFBEXT)' 
with 
the 
common-mode 
being 
centered 
at 
(REFfEXT + REFBEXT)!2. Refer to the typical performance 
curves for expected performance 
vs full scale input range. 
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operation and clean spectral response. Proper grounding and 
bypassing, 
short lead lengths, and the use of ground planes 
are particularly 
important 
for high frequency 
circuits. Mul- 
tilayer PC boards are recommended 
for best performance 
but if carefully 
designed, 
a two-sided 
PC board with large, 
heavy ground planes can give excellent results. It is recom- 
mended 
that the analog 
and digital 
ground 
pins 
of the 
ADS820 be connected 
directly to the analog ground plane. 
In our experience, 
this gives the most consistent results. The 
A/D power supply commons 
should be tied together at the 
analog ground 
plane. Power 
supplies 
should be bypassed 
with O.l~ 
ceramic capacitors as close to the pin as possible. 


DYNAMIC 
PERFORMANCE 
TESTING 


The ADS820 
is a high performance 
converter 
and careful 
attention to test techniques 
is necessary to achieve accurate 
results. Highly accurate phase-locked 
signal sources allow 
high resolution FFr measurements 
to be made without using 
data windowing functions. A low jitter signal generator such 
as the HP8644A for the test signal, phase-locked 
with a low 
jitter 
HP8022A 
pulse generator 
for the A/D clock, 
gives 
excellent 
results. Low pass filtering (or bandpass filtering) 
of test signals is absolutely 
necessary to test the low distor- 
tion of the ADS820. Using a signal amplitude slightly lower 
than full scale will allow a small amount of "headroom" 
so 
that noise or DC offset voltage will not overrange 
the A/D 
and cause clipping on signal peaks. 


Sinewave Signal Power 
lO log -------------_ 
Noise + Harmonic Power (first 15 harmonics) 


2. Signal-to-Noise 
Ratio (SNR): 
Sinewave Signal Power 
lO log -------- 
Noise Power 


3. Intermodulation 
Distortion 
(IMD): 


10 log 
Highest IMD Product Power (to 5th-order) 


Sinewave Signal Power 


IMD is referenced 
to the larger of the test signals f) or f2. 
Five "bins" either side of peak are used for calculation 
of 
fundamental 
and harmonic 
power. The "0" frequency 
bin 
(DC) is not included 
in these calculations 
as it is of little 
importance 
in dynamic 
signal processing 
applications. 
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10-Bit, 40MHz Sampling 
ANALOG- TO-DIGITAL 
CONVERTER 


FEATURES 


• 
NO MISSING 
CODES 


• 
INTERNAL 
REFERENCE 


• 
LOW POWER: 
380mW 


• 
HIGH SNR: 58dB 


• 
INTERNAL 
TRACK/HOLD 


• 
3-STATE 
OUTPUTS 


• 
PACKAGE: 
28-Pin SOIC 


APPLICATIONS 


• 
VIDEO 
DIGITIZING 


• 
ULTRASOUND 
IMAGING 


• 
GAMMA 
CAMERAS 


• 
SET-TOP 
BOXES 


• 
CABLE 
MODEMS 


• 
CCD IMAGING 
Color Copiers 
Scanners 
Camcorders 
Security 
Cameras 
Fax Machines 


• 
IF AND BASEBAND 
DIGITIZATION 


• 
TEST INSTRUMENTATION 
IN 


The ADS821 is a low power, monolithic lO-bit,40MHz 
analog-to-digital 
converter utilizing a small geometry 


CMOS process. This COMPLETE 
converter includes 


a lO-bit quantizer 
with internal track/hold, 
reference, 


and a power down feature. It operates 
from a single 
+SV power supply and can be configured 
to accept 
either differential 
or single-ended 
input signals. 


The ADS821 employs digital error correction to pro- 
vide 
excellent 
Nyquist 
differential 
linearity 
perfor- 
mance 
for demanding 
imaging 
applications. 
Its low 
distortion, high SNR and high oversampling 
capability 
give it the extra margin needed for telecommunications 
and video applications. 


This high performance 
converter 
is specified 
for AC 
and DC performance 
at a 40MHz sampling 
rate. The 
ADS821 
is available 
in a 28-pin 
SOIC package. 


BURR-BROWN~ 
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SPECIFICATIONS 


ADS821U 


PARAMETER 
CONDITIONS 
TEMP 
MIN 
TYP 
MAX 
UNITS 


Resolution 
10 
B~s 


Specified Temperature 
Range 
TAMBIENT 
-40 
+85 
·C 


ANALOGtNPUT 
Differential 
Full Scale Input Range 
+1.25 
+3.25 
V 
Common· Mode Voltage 
2.25 
V 


Analog Input Bandwidth 
(-3dB) 


Small Signal 
-2OdBFS(1) Input 
+25°C 
120 
MHz 


Full Power 
OdB Input 
+25·C 
65 
MHz 


Input Impedance 
1.25114 
MQ II pF 


DIGITAL 
INPUT 
Logic Family 
nUHCT 
Compatible 
CMOS 
Convert Command 
Start Conversion 
Falling Edge 


ACCURACY(2) 


Gain Error 
+25·C 
±D.6 
±1.5 
% 


"'" 


Full 
±1.1 
±2.5 
% 


Gain Tempco 
±85 
ppmf'C 
Power Supply Rejection of Gain 
Delta +Vs:: 
±5% 
+25OC 
0.01 
0.15 
%FSR/% 


Input Offset Error 
+25°C 
±2.0 
±2.5 
% 


Full 
±2.1 
±3.0 
%FSR/% 


Power Supply Rejection 01 Offset 
Delta +Vs:z ±5% 
+25·C 
0.02 
0.15 
%FSR/% 


CONVERSION 
CHARACTERISTICS 
Sample Rate 
10k 
40M 
Sample/s 


Data Latency 
6.5 
Convert CyclE 


DYNAMIC 
CHARACTERISTICS 
Differential 
Linearity Error 
'" 
E 13ns(3) 


I: 500kHz 
+25OC 
±D.5 
±1.0 
LSB 
DOC to +70°C 
±D.6 
±1.0 
LSB 


I: 12MHz 
+25·C 
±D.5 
±1.0 
LSB 
DOC to +70°C 
±D.6 
±1.0 
LSB 
No Missing Codes 
DOC to +70°C 
Guaranteed 


Integral Linearity Error at f • 500kHz 
O·C to +70·C 
±D.5 
±2.0 
LSB 
Spurious-Free 
Dynamic Range (SFDR) 


1= 500kHz (-1dBFS 
input) 
+25·C 
60 
70 
dBFS 


Full 
54 
67 
dBFS 


1= 12MHz (-1dBFS 
input) 
+25°C 
58 
63 
dBFS 
Full 
54 
62 
dBFS 
Two-Tone 
Intermodulation 
Distortion 
(IMO)(") 


1 = 4.4MHz and 4.5MHz (reterred to -1dBFS 
envelope) 
+25OC 
-€1 
dBc 


Full 
-€O 
dBc 


Signal· to-Noise 
Ratio (SNR) 


f = 500kHz 
(-tdBFS 
input) 
+25°C 
57 
59 
dB 


Full 
55 
59 
dB 
1= 12MHz (-1dBFS 
input) 
+25°C 
56 
58 
- 
dB 


Full 
54 
58 
dB 
Signal-to-(Noise 
+ Distortion) 
(SINAD) 
1 = 500kHz 
(-1dBFS 
input) 
+25°C 
56 
58.5 
, 
dB 


Full 
55 
58 
dB 


1= 12MHz (-1dBFS 
input) 
+25OC 
53 
57 
-' 
-- 
dB 


Full 
51 
56 
dB 
Differential 
Gain Error 
NTSC or PAL 
+25·C 
0.5 
% 


Differential 
Phase Error 
NTSC or PAL 
+25·C 
0.1 
degrees 
Effective Bits(") 
fiN = 3.58MHz 
+25°C 
9.3 
Bits 


Aperture 
Delay Time 
+25°C 
2 
ns 


Aperture Jitter 
+25·C 
7 
ps rms 
Overvoltage 
Recovery Time(6) 
1.5x Full Scale input 
+25°C 
2 
ns 


NOTE: (1) dBFS refers to dB below Full Scale. (2) Percentage accuracies are reterred to the internal AID Full Scale Range of 4Vp-p. (3) Refer to Timing Diagram 
footnotes for the fIN= 500kHz differential linearity error periormance 
condition. 
(4) IMD is referred to the larger of the two input signals. If referred to the peak envelope 


signal (=OdB), the intermodulation 
products will be 7dB lower. (5) Based on (SINAD - 
1.76)/6.02. (6) No "rollover" of bits. 


The information provided herein is believed to be reliable; however. BURR-BROWN 
assumes no respOnsibility for inaccuracies or omissionG. BURR·BRQWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CONT) 


At TA :: +25°C, 
Vs:::+SV, Sampling 
Rate:: 
40MHz, 
with a 50% duty cycle clock having a 2ns riseJfall time, unless othelWise 
noted. 


PARAMETER 


OUTPUTS 
Logic Family 
Logic Coding 
Logic Levels 


Logic Selectable 


Logic "LO", CL = , 5pF 
Logic "HI", CL 
• 
15pF 


3-State Enable Time 
3-State Disable Time 


POWER SUPPLY 
REQUIREMENTS 


Supply Voltage: +Vs 
Supply Current: +Is 


Operating 
Operating 
Operating 


Operating 
Operating 


Basic Model 
Number 
Package Code 
U: 28-Pin SOIC 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


ADS821U 
28-Pin SOIC 
217 


+vs .. 
. 
+6V 
Analog Input 
OV to (+V,+ 
300mV) 


Logic Input 
OV to (+V, + 300mV) 


Case Temperature 
+100°C 
Junction Temperature 
_+1500C 


Storage Temperature. 
. 
+125°C 


External Top Reference Voltage (REFT) 
+3.4V max 


External Bottom Reference 
Voltage (REFS) 
+1.1V 
min 


NOTE: 
Stresses 
above these ratings may permanently 
damage 
the device. 


TTUHCT 
Compatible 
CMOS 
SOB or BTC 


Full 
0 
0.4 
V 


Full 
2.5 
+Vs 
V 
20 
40 
ns 


Full 
2 
10 
ns 


Full 
+4.75 
+5 
+5.25 
V 
+25'C 
76 
88 
mA 


Full 
78 
90 
mA 
+25'C 
380 
440 
mW 


Full 
390 
450 
mW 


75 
°CIW 


A 
ELECTROSTATIC 
J£/a DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage. 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 
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TOP VIEW 
SOIC 


GND 
28 
GND 


Bit1(MSB) 
IN 


Bit 2 
iN 


Bit 3 
GND 


Bit4 
+Vs 


BitS 
REFT 


Bit6 
CM 
ADS821 
Bit7 
REFB 


Bit 8 
+Vs 


Bit 9 
MSBI 


Bit 10 (lSB) 
OE 


DNC 
+Vs 


DNC 
ClK 


GND 
14 
15 
+Vs 


ONe: Do Not Connect 


PIN 
DESIGNATOR 
DESCRIPTION 
, 
GND 
Ground 
2 
Bl 
Bit 1, Most Significant 
Bit 
3 
B2 
Bit 2 
4 
B3 
Bit 3 
5 
B4 
Bit 4 
6 
B5 
Bit 5 
7 
B6 
Bit 6 
8 
B7 
Bit 7 
9 
B8 
Bit 8 
10 
B9 
Bit 9 
11 
B10 
Bit 10, Least Significant 
Bit 
12 
DNC 
Do not connect. 


13 
DNC 
Do not connect. 


14 
GND 
Ground 
15 
+Vs 
+5V Power Supply 
16 
ClK 
Convert Clock Input, 50% Duty Cycle 
17 
+Vs 
+5V Power Supply 


18 
DE 
HI: High Impedance 
State. lO 
or Floating: Nor- 


mal Operation. 
Internal pull·down 
resistor. 


19 
MSBI 
Most Significant 
Bit Inversion, 
HI: MSB inverted 
for complementary output. LO or Floating: Straight 
output. Internal pull--down resistor. 


20 
+Vs 
+5V Power Supply 
21 
REFB 
Bonom Reference 
Bypass. For external bypass- 


ing of internal +1.25V reference. 


22 
CM 
Common·Mode 
Voltage. It is derived by (REFT + 


REFB)/2. 


23 
REFT 
Top Reference 
Bypass. For external bypassing 
of internal +3.25V reference. 


24 
+Vs 
+5V Power Supply 
25 
GND 
Ground 


26 
IN 
Input 


27 
iN 
Complementary 
Input 
28 
GND 
Ground 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


1coov 
Convert Clock Periee 
25 
1001'S 
ns 
tL 
Clock Pulse Low 
12 
12.5 
ns 
tH 
Clock Pulse High 
12(21 
12.5 
ns 
to 
Aperture 
Delay 
2 
ns 
t, 
Data Hold Time, CL = OaF 
3.9 
ns 
t2 
New Data Delay Time, CL = 15pF max 
12.5 
ns 


NOTE: (1) 
w \\ 
" indicates 
the portion of the waveform 
that will stretch out at slower sample 
rates. 
(2) tH must be 13ns minimum 
if no missing codes is desired only for the conditions 
of teONV 
~28ns 
and 
fiN <2MHz. Refer to the Clock Requirements 
for a possible clock skew circuit for this condition. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES (CONT) 


TWO-TONE 
INTERMODULATION 
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DYNAMIC PERFORMANCE 
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FREE DYNAMIC RANGE 
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THEORY OF OPERATION 


The ADS821 
is a high speed 
sampling 
analog-to-digital 
converter 
with pipelining. 
It uses a fully differential 
archi- 
tecture and digital error correction to guarantee 
lO-bit reso- 
lution. The differential 
track/hold circuit is shown in Figure 
I. The switches are controlled by an internal clock which has 
a non-overlapping 
two phase 
signal, 
'1>1 and '1>2.At the 
sampling 
time the input signal is sampled 
on the bottom 
plates of the input capacitors. In the next clock phase,'1>2, the 
bottom plates of the input capacitors are connected together 
and the feedback 
capacitors 
are switched 
to the op amp 
output. At this time the charge redistributes 
between C1 and 
CH, completing 
one track/hold cycle. The differential 
output 
is a held DC representation 
of the analog input at the sample 
time. The track/hold 
circuit can also convert a single-ended 
input signal into a fully differential 
signal for the quantizer. 


The pipelined 
quantizer 
architecture 
has 9 stages with each 


stage containing 
a two-bit quantizer and a two bit digital-to- 
analog converter, 
as shown in Figure 2. Each two-bit quan- 
tizer stage converts on the edge of the sub-clock, 
which is 
twice the frequency 
of the externally 
applied 
clock. The 
output of each quantizer 
is fed into its own delay line to 


lii~n-over,aL 
.1 .2 
.1 


FIGURE 
1. Input Track/Hold 
Configuration 
with Timing 
Signals. 


FIGURE 
2. Pipeline AID Architecture. 
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B1 (MSB) 


B2 


B3 


B4 


B5 


B6 


B7 


BB 


B9 


B10 
(LSB) 


time-align it with the data created from the following quan- 
tizer stages. 
This aligned 
data is fed into a digital 
error 
correction 
circuit which can adjust the output data based on 
the information 
found on the redundant 
bits. This technique 
gives the ADS821 excellent differential 
linearity and guar- 
antees no missing codes at the lO-bit level. 


The output data is available in Straight Offset Binary (SOB) 
or Binary Two's Complement 
(BTC) format. 


THE ANALOG 
INPUT AND INTERNAL 
REFERENCE 


The 
analog 
input 
of the ADS821 
can be configured 
in 
various ways and driven with different 
circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS821 has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode 
of +2.25V, 
with each of the two inputs having 
a full scale range of 
+ 1.25V to +3.25V. Since each input is 2V peak-to-peak 
and 
1800 out of phase with the other, a 4V differential 
input 


signal to the quantizer 
results. As shown in Figure 3, the 
positive 
full scale reference 
(REFT) and the negative 
full 
scale reference (REFB) are brought out for external bypass- 
ing. In addition, 
the common-mode 
voltage (CM) may be 
used as a reference 
to provide the appropriate 
offset for the 
driving circuitry. However, care must be taken not to appre- 
ciably load this reference 
node. For more information 
re- 
garding 
external 
references, 
single-ended 
inputs, 
and 
ADS821 drive circuits, refer to the applications 
section. 


To 
Internal 
Comparators 


CLOCK 
REQUIREMENTS 


The CLK pin accepts a CMOS level clock input. Both the 
rising 
and falling 
edges 
of the externally 
applied 
clock 
control 
the various 
interstage 
conversions 
in the pipeline. 
Therefore, 
the clock signal's 
jitter, rise/fall times and duty 
cycle can affect conversion 
performance. 


• 
Low clock jitter 
is critical to SNR performance 
in fre- 
quency-domain 
signal environments. 


• 
Clock rise and fall times should be as short as possible 
«2ns 
for best performance). 


For most applications, 
the clock duty should 
be set to 
50%. However, 
for applications 
requiring 
no missing 
codes, a slight skew in the duty cycle will improve DNL 


performance 
for conversion 
rates >35MHz 
and input 
frequencies 
<2MHz 
(see Timing Diagram). 
A possible 
method for skewing the 50% duty cycle source is shown 
in Figure 4. 


DIGITAL 
OUTPUT 
DATA 


The lO-bit output data is provided 
at CMOS 
logic levels. 


There is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The standard output coding 
is Straight 
Offset 
Binary 
where 
a full scale input signal 
corresponds 
to all "1' s" at the output. This condition 
is met 
with pin 19 "LO" or Floating due to an internal pull-down 
resistor. 
By applying 
a high voltage to this pin, a Binary 
Two's Complement 
output will be provided where the most 
significant bit is inverted. The digital outputs ofthe ADS821 
can be set to a high impedance 
state by driving DE (pin 18) 
with a logic "HI". Normal operation is achieved with pin 18 
"LO" or Floating due to internal pull-down 
resistors. 
This 
function is provided for testability purposes and is not meant 
to drive digital buses directly 
or be dynamically 
changed 
during the conversion 
process. 


OUTPUT CODE 


SOB 
BTC 
PIN 19 
PIN 19 
DIFFERENTIAL 
INPUTt') 
FLOATING 
or LO 
HI 


+FS (IN: 
+3.25V. IN = +1.25V) 
1111111111 
0111111111 
+FS -ILSB 
1111111111 
0111111111 
+FS -2LSB 
1111111110 
0111111110 
+3/4 Full Scale 
1110000000 
0110000000 
+1/2 Full Scale 
1100000000 
0100000000 
+1/4 Full Scale 
1010000000 
0010000000 
+ILSB 
1000000001 
0000000001 
Bipolar Zero (IN = iN = +2.25V) 
1000000000 
0000000000 
-ILSB 
0111111111 
1111111111 
-1/4 
Full Scale 
0110000000 
1110000000 
-1/2 
Full Scale 
0100000000 
1100000000 
-3/4 
Full Scale 
0010000000 
1010000000 
-FS 
+ILSB 
0000000001 
1000000001 
-FS 
(IN = +1.25V, iN = +3.25V) 
0000000000 
1000000000 


Note: In the single·ended input mode, +FS '" +4.25V and -FS 
= +O.25V. 


The ADS821 has a differential 
input with a common-mode 
of +2.25V. For AC-coupled 
applications, 
the simplest way 
to create 
this 
differential 
input 
is to drive 
the primary 
winding 
of a transformer 
with 
a single-ended 
input. 
A 
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V IUI;;~ 
bUVU 
Il.Ibl.l uc;yuc:au.:y /"\\...penunnance. 
l[ IS ImpOnan[ 
to select a transformer that gives low distortion and does not 
exhibit core saturation at full scale voltage levels. Since the 
transformer 
does not appreciably 
load the ladder, there is no 
need to buffer the common-mode 
(CM) output in this in- 
stance. In general, it is advisable 
to keep the current draw 
from the CM output pin below O.5~ 
to avoid nonlinearity 


in the internal 
reference 
ladder. 
A FET input operational 
amplifier such as the OPAl30 
can provide a buffered refer- 


AClnpul 
, 
~M'~L~,. 


DT1-6-KK81' 


- 
t 
or equivalent 
: 


L 
_ 


FIGURE 
5. AC-Coupled 
Single-Ended 
to Differential Drive~ 


Circuit Using a Transformer. 
••• 


Optional 


High Impedance 


Input Amplifier 
(2) 


\ 
+5V 


DC-Coupled 
Inpul Signal 


NOTES: (1) A Philips BAS16 diode or equivalenl may be used. 
(2) Supply bypassing nol shown. (3) OPA620 or OPA650 may be 
substituted. 
See "Driving the ADS820" 
section. 


FIGURE 7_ A Wideband 
DC-Coupled, 
Single-Ended 
to Differential 
Input Driver Circuit. 
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ence for driving external 
circuitry. 
The analog IN and IN 
inputs should be bypassed with 22pF capacitors to minimize 
track/hold 
glitches 
and to improve 
high input frequency 
performance. 


If the signal needs to be DC coupled 
to the input of the 
ADS821, 
an operational 
amplifier 
input circuit is required. 


In the differential 
input mode, any single-ended 
signal must 
be modified 
to create 
a differential 
signal. 
This 
can be 
accomplished 
by using two operational 
amplifiers, 
one in 
the non inverting mode for the input and the other amplifier 
in the inverting mode for the complementary 
input. The low 
distortion circuit in Figure 6 will provide the necessary input 
shifting required for signals centered around ground. It also 
employs a diode for output level shifting to guarantee a low 
distortion +3.25V output swing. Another DC-coupled 
circuit 


is shown in Figure 7. Other amplifiers can be used in place 
of the OPA642s 
if the lowest distortion 
is not necessary. 
If 


LV 
;:)CICl,.,.l 
UPli;lc1UUlltli 
dIIIP1UICt;::, 
llidl 
b1VC; 
Lite 
11Cl.C~~i:11Ypt:;l- 
formance 
when swinging 
to +3.25V 
with a ±5V 
supply 
operational 
amplifier. 
The OPA620 
and OPA621, 
or the 
lower power OPA650 or OPA65 I can be used in place of the 
OPA642s in Figure 6. In that configuration, 
the OPA650 and 
OPA651 
will typically 
swing to within 
lOOmV of positive 
full scale. If the OPA621 
or OPA651 
is used, the input 
buffer must be configured 
in a gain of 2. 


The ADS821 
can also be configured 
with a single-ended 
input full scale range of +O.25V to +4.25V 
by tying the 
complementary 
input to the common-mode 
reference voltage 
as shown 
in Figure 
8. This 
configuration 
will result 
in 
increased 
even-order 
harmonics, 
especially 
at higher input 
frequencies. However, this tradeoff may be quite acceptable 
for time-domain 
applications. 
The driving 
amplifier 
must 
give adequate performance 
with a +O.25V to +4.25V output 
swing in this case. 


EXTERNAL 
REFERENCES 
AND ADJUSTMENT 
OF 
FUll 
SCALE 
RANGE 


The internal reference buffers are limited to approximately 
ImA of output current. As a result, these internal + 1.25V 
and +3.25V references 
may overridden 
by external 
refer- 
ences that have at least 25mA of output drive capability. 
In 


this instance, the common-mode 
voltage will be set halfway 
between 
the two references. 
This feature 
can be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADS821. 
Changing 
the full scale 


lon4FCT2245 
11 
9 


12 


13 
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range to a lower value has the benefit of easing the swing 
requirements 
of external input amplifiers. 
The external ref- 


erences 
can vary as long as the value of the external 
top 
reference 
(REFTEXT) 
is less than or equal to +3.4V and the 
value of the external bottom reference (REFBEXT) 
is greater 
than 
or equal 
to + 1.1V and the difference 
between 
the 


external references 
are greater than or equal to 800m V. 


For the differential 
configuration, 
the full scale input range 
will be set to the external reference values that are selected. 
For the single-ended 
mode, the input range is 2o(REFT EXT - 
REFBEXT)' 
with 
the 
common-mode 
being 
centered 
at 


(REFTEXT + REFBEXT)/2. 
Refer to the typical performance 


curves for expected performance 
vs full scale input range. 


PC BOARD 
LAYOUT 
AND BYPASSING 


A well-designed, 
clean PC board layout will assure proper 


operation and clean spectral response. Proper grounding and 
bypassing, 
short lead lengths, and the use of ground planes 
are particularly 
important 
for high frequency 
circuits. Mul- 


tilayer PC boards are recommended 
for best performance 


but if carefully 
designed, 
a two-sided 
PC board with large, 


heavy ground planes can give excellent results. It is recom- 
mended 
that 
the analog 
and digital 
ground 
pins 
of the 


ADS821 be connected 
directly to the analog ground plane. 


In our experience, 
this gives the most consistent results. The 


AID power supply commons 
should be tied together at the 
analog ground 
plane. Power 
supplies 
should be bypassed 


with 0.1 ~ 
ceramic capacitors as close to the pin as possible. 


DYNAMIC 
PERFORMANCE 
TESTING 


The ADS821 
is a high performance 
converter 
and careful 


attention to test techniques 
is necessary 
to achieve accurate 


results. Highly accurate 
phase-locked 
signal sources allow 


high resolution FFT measurements 
to be made without using 


data windowing functions. A low jitter signal generator such 
N 
as the HP8644A for the test signal, phase-locked 
with a low 
CO 
jitter 
HP8022A 
pulse generator 
for the AIDclock, 
gives 
en 
excellent 
results. Low pass filtering 
(or bandpass 
filtering) 
C 
of test signals is absolutely 
necessary 
to test the low distor- 
<C 
tion of the ADS82 1. Using a signal amplitude slightly lower 
than full scale will allow a small amount of "headroom" 
so" 


that noise or DC offset voltage will not overrange 
the AID" 


and cause clipping on signal peaks. 


DYNAMIC 
PERFORMANCE 
DEFINITIONS 


1. Signal-to-Noise-and-Distortion 
Ratio (SINAD): 


10 10 
Sinewave Signal Power 
g 
Noise + Harmonic Power (first 15 harmonics) 


2. Signal-to-Noise 
Ratio (SNR): 


Sinewave Signal Power 


10 log ------- 
Noise Power 


3. Intermodulation 
Distortion 
(IMD): 


Highest IMD Product Power (to 5th-order) 
10 log -------------- 


Sinewave Signal Power 


IMD is referenced 
to the larger of the test signals fl or f2. 


Five "bins" 
either side of peak are used for calculation 
of 


fundamental 
and harmonic 
power. The "0" frequency 
bin 


(DC) is not included 
in these calculations 
as it is of little 


importance 
in dynamic 
signal processing 
applications. 
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PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


FEATURES 


• 
DELTA-SIGMA 
AID CONVERTER 


• 
24 BITS NO MISSING 
CODES 


.23 
BITS EFFECTIVE 
RESOLUTION 
AT 10Hz 
AND 20 BITS AT 1000Hz 


• 
DIFFERENTIAL 
INPUTS 


• 
PROGRAMMABLE 
GAIN AMPLIFIER 


• 
FLEXIBLE 
SPI COMPATIBLE 
SSI 
INTERFACE 
WITH 2-WIRE 
MODE 


• 
PROGRAMMABLE 
CUT-OFF 
FREQUENCY 


UP TO 16KHz 


• 
INTERNAUEXTERNAL 
REFERENCE 


• 
ON CHIP SELF-CALIBRATION 


• 
ADS1211 
INCLUDES 
4 CHANNEL 
MUX 


APPLICATIONS 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
INSTRUMENTATION 


• 
BLOOD ANALYSIS 


• 
SMART TRANSMITTERS 


• 
PORTABLE 
INSTRUMENTS 


• 
WEIGH SCALES 


• 
PRESSURE 
TRANSDUCERS 


The 
ADSI210 
and 
ADSI211 
are precISIOn, wide 
dynamic range, delta-sigma analog-to-digital 
converters 


with 24-bit resolution 
operating 
from a single +5V 
supply. 
The differential 
inputs 
are ideal for direct 
connection 
to transducers 
or low level voltage 
sig- 


nals. The delta-sigma 
architecture 
is used for wide 
dynamic range and to guarantee 
24 bits of no missing 
code performance. 
An effective 
resolution 
of 23 bits 
is achieved 
through the use of a very low-noise 
input 
amplifier 
at conversion 
rates up to 10Hz. Effective 
resolutions 
of 
19 bits can be maintained 
up to a 


sample 
rate of IkHz through 
the use of the unique 
Turbo 
modulator 
mode 
of operation. 
The dynamic 


range of the converters 
is further increased by provid- 
ing a low-noise 
programmable 
gain amplifier 
with a 


gain range of I to 16 in binary steps. 


The ADSI210 
and ADSI211 
are designed 
for high 
resolution 
measurement 
applications 
in smart trans- 
mitters, industrial process control, weigh scales, chro- 
matography 
and portable 
instrumentation. 
Both con- 
verters include a flexible synchronous 
serial interface 


which is SPI compatible 
and also offers a two-wire 
control mode for low cost isolation. 


The ADSI210 
is a single channel 
converter 
and is 


offered in both 18-pin DIP and SOIC packages. 
The 
ADSI211 
includes a 4 channel input multiplexer 
and 
is available 
in 24-pin DIP, 24-pin SOlC, and 28-pin 
SSOP packages. 


A1N1P 
OGNO 


A1N1N 
DVeD 


A1N2P 
Micro 
Controller 


A,N2N 
A,NP 
Third-Order 
A,.:JP 
MUX 
Digital 
Filter 
Jl,.N 
Jl,.3N 


A,.4P 


A1N4N 
SCLK 


SOlO 


SOOUT 


ADS1211 
Only 
ADS1210111 
OSVNC 
i5S 
OROV 
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SPECIFICATIONS 


All specifications 
typical at +25°C, AVOD = DVOD = +sv, 'sc = 10MHz, and external VREF 
"" +2.5V, unless othelWise specified. 
""'" 
""'" 


ADS1210U, 
P/ADS1211U, 
P, E 
N 
""'" 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
0 


ANALOG 
INPUT 
""'" 


Input Voltage 
Range - Unipola~ll 
0 
+5 
V 
N 


Bipolar<1.2) 
-10 
+10 
V 
""'" 


Input Impedance 
G = Gain of PGA 
4/G 
Mil 
en 


Programmable 
Gain Amplifier 
User Selectable 
Gain Ranges 
16 
C 
Input Capacitance 
20 
pF 
<C 
Input Leakage Current 
100 
pA 


SYSTEMS 
PERFORMANCE 
Resolution 
24 
Bits 


No Missing Codes 
fs = 60Hz Normal Mode 
24 
Bits 


Is = 100Hz Turbo Mode X4 
21 
Bits 
fs = 250Hz Turbo Mode X8 
20 
Bits 
en 
fs = 500Hz Turbo Mode X16 
20 
Bils 


fs = 1000Hz Turbo Mode X16 
20 
Bits 
~ 


Integral Linearity 
fs = 60Hz 
±0.003 
%FSR 
Z 
Is = 1000Hz Turbo Mode X16 
±0.003 
%FSR 
W 
Unipolar Offset Error(3) 
See Note 4 
Z 
Unipolar Offset Drift{51 
1 
~VI'C 
0 
Gain Error(3) 
See Note 4 
Gain Error Drift{51 
1 
~VI'C 
C. 


Common· Mode Rejection 
At dc 
100 
dB 
:a= 
fs = SOHz 
160 
dB 
0 
fs = 60Hz 
160 
dB 
Normal-Mode 
Rejection 
Is = SOHz 
100 
dB 
0 
fs = 60Hz 
100 
dB 


Output Noise 
See Typical Perlormance 
Curves 
Z 
Power Supply Rejection 
60 
dB 
0 
VOLTAGE 
REFERENCE 
E 
Internal Reference 
2.5 
V 


REFOUTt Internal Reference 
Drift 
60 
ppml"C 
~ 
Internal Reference 
Noise 
50 
~Vp-p 


REFIN, 
External Reference 
+Voo 
V 
::::) 
VBIAS' 
Output 
Derived from REF1N 
3.3 
V 
0 
DIGITAL 
INPUT/OUTPUT 
0 
Logic Family 
TIL 
Compatible 
<C 
CMOS 
Logic Level: 
V1H 
IIH= +~A 
2.0 
+Voo 
V 


~ 


VIL 
IIL=+5~ 
0 
0.8 
V 
VOH 
100: 2 TIL 
Loads 
2.4 
+Voo 
V 
<r: 
VOL 
IOL= 2 TIL 
Loads 
0 
0.4 
V 
C 
System Clock Rate: Isc 
0.5 
10 
MHz 
Output Data Rate: fs 
User Programmable, 
fsc = 10MHz 
2.4 
16.000 
Hz 
en 
Data Format 
Command 
Register Programmable 
Two's Complement 


or Offset Binary 
a: 
POWER SUPPLY 
REQUIREMENTS 
W 
Power Supply Vo«age 
4.75 
5.25 
V 
~ 
Quiescent 
Current 
Voo = +5V, Normal Mode, fsc = 10MHz 
8 
mA 
a: 
Voo = +5V, Normal Mode, fsc = 2MHz 
3.5 
mA 
W 
Voo = +5V. Sleep Mode 
mA 


Power Dissipation 
Voo = +5V, Normal Mode 
30 
40 
mW 
> 
Voo = +5V, Turbo Mode X16 
65 
80 
mW 
Z 
TEMPERATURE 
RANGE 
0 
Operating 
-40 
+85 
·C 
0 
Storage 
450 
+100 
·C 


NOTES: (1) In order to achieve the converter's 
plus or minus full-scale input voltage. the input must be fUlly differential 
(A1NN= REF1N- (A1NP-REF1N». If the input 
C 


is single-ended 
(A1NN'" REF1N).only plus or minus one-half full-scale will be achieved. 
(2) This range is set with external resistors and VBIAS' 
Other ranges are < 
possible. (3) Applies after calibration. 
(4) These errors will be of the order of the effective resolution of the converter. Refer to the Typical Performance 
Curves which 
apply to the desired 
mode of operation. 
(5) Recalibration 
can be used to remove these errors. 


The information provided herein is believed to be reliable: however. BURR-BROWN 
assume&>no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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Analog Input: 


Input Current 
100mA, 
Momentary 


10mA, 
Continuous 


. AVoo +O.5V to GND -{).5V 
Input Voltage 
. 


Power Supply Vottage: 


AVoo·· 


A 
ELECTROSTATIC 
J.ft;;,. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 


propriate precautions. Failure to observe proper handling and 
installation 
procedures can cause damage. 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


ADS1210P 
18-Pin Plastic DIP 
218 


ADS1210U 
18-Lead SOIC 
219 


ADS1211P 
24-Pin Plastic DIP 
243 


ADS1211U 
24-Lead SOIC 
239 
ADS1211E 
28-Lead SSOP 
324 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


ADS1210P 
18-Pin Plastic DIP 
-40°C 
to +85°C 


ADS1210U 
18-Lead SOIC 
-40°C 
to +85°C 


ADS1211P 
24-Pin Plastic DIP 
-40°C 
to +85°C 
ADS1211U 
24-Lead SOIC 
-40°C 
to +85°C 


ADS1211E 
28-Lead SSOP 
-40OC to +85°C 
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SCLK 


SDIO 


SDOUT 


Second-Order 


IlL 


Modulator 


PIN NO 
NAME 
DESCRIPTION 


1 
AINP 
Noninverting 
Input. 


2 
A1NN 
Inverting 
Input. 


3 
AGND 
Analog Ground. 


4 
VB1AS 
Bias Voltage 
Output, 
+3.3V 
nominal. 


5 
CS 
Chip Select Input. 


6 
DSYNC 
Control 
Input to Synchronize 
Serial 
Output 
Data. 


7 
X'N 
System Clock Input. 


8 
Xour 
System 
Clock 
Output 
(for Crystal 
or Resonator). 


9 
DGND 
Digital Ground. 


10 
DVaD 
Digital 
Supply. 
+SV nominal. 
Must be sA V DO' 


11 
SCLK 
Clock 
Input/Output 
for serial data transfer. 


12 
SDIO 
Serial Data Input (can also function as Serial Data 
Output). 
13 
SDOUT 
Serial Data Output. 


14 
DRDY 
Data Ready. 


15 
MODE 
SCLK Control Input (Master = 1, Slave = 0). 


16 
AVoo 
Analog 
Supply, 
+SV nominal. 


17 
REFour 
Reference 
Output, 
+2.5V 
nominal. 


18 
REF'N 
Reference 
Input. 


AINP 
18 
REF'N 


A1NN 


AGND 


VBIAS 


CS 
ADS1210 


DSYNC 


X'N 


Xour 


DGND 
10 
DVoo 
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For Immediate Assistance, Contact YourLocal Salesperson 


ADS1211 
SIMPLIFIED 
BLOCK DIAGRAM 


AGND 
REF •• 
VBIAS 
X,N 
MODE 


19 
21 


12 
DGND 


A1N1P 
4 


5 
13 
DVDD 
A'N1N 
Micro Controller 
A1N2P 
2 


A,02N 
3 
Third-Order 
Instruction 
Register 
MUX 
Command 
Register 
A'N3P 
24 
Digital Fiher 
Data Output Register 


A,N3N 
1 
Offset Register 


A'N4P 


22 
Full-Scale Register 


A,N4N 
23 
SCLK 


SOlO 


SDOUT 


9 


DSYNC 
CS 
DRDY 


PIN NO 
NAME 
DESCRIPTION 


1 
A,N3N 
Inverting 
Input Channel 
3. 


2 
A1N2P 
Noninverting 
Input Channel 
2. 


3 
A'N2N 
Inverting 
Input Channel 
2. 


4 
A'N1P 
Noninverting 
Input Channell. 


5 
A,N1N 
Inverting 
Input Channell. 


6 
AGND 
Analog Ground. 


7 
VBIAS 
Bias Vonage Output, +3.3V nominal. 


8 
CS 
Chip Select Input 


9 
DSYNC 
Control Input to Synchronize 
Serial Output 
Data. 


10 
X,N 
System Clock Input 


11 
XoUT 
System Clock Output (for Crystal or Resonator). 


12 
DGND 
Digital Ground. 


13 
DVDD 
Digital Supply, 
+SV nominal. 
Must be sAVOD- 


14 
SCLK 
Clock InpuVOulput 
for serial data transfer. 


15 
SOlO 
Serial 
Data 
Input (can also function as Serial Data 
Output). 


16 
SDOUT 
Serial Data Output 


17 
DRDY 
Data Ready. 


18 
MODE 
SCLK Control Input (Master. 
1, Slave = 0). 


19 
AVoo 
Analog Supply, +5V nominal. 


20 
REFouT 
Reference 
Output: +2.5V 
nominal. 


21 
REF'N 
Reference 
Input. 


22 
A,04P 
Noninverting 
Input Channel 
4. 


23 
A,.4N 
Inverting 
Input Channel 
4. 


24 
A,N3P 
Noninverting 
Input Channel 
3. 
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A'N3N 


A'N2P 


A'N2N 


A1N1P 


A1N1N 


AGND 


VBIAS 


ADS1211E 
NIC 


NIC 


CS 


DSYNC 


X'N 


DGND 
14 


PIN NO 


1 


2 
3 
4 
5 
6 


7 


B 


9 
10 


11 
12 


13 
14 
15 


16 
17 


NAME 


A'N3N 


A'N2P 
A,N2N 


A'N1P 
A,N1N 


AGND 


VS1AS 
NIC 


NIC 
CS 


DSYNC 


X'N 
Xour 


DGND 
DVoo 
SCLK 


SOlO 


SDOUT 


DRDY 


NIC 


NIC 


MODE 
AVoo 


REFoUT 


REF'N 
A1N4P 


A1N4N 


A'N3P 
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DESCRIPTION 


Inverting Input Channel 3. 


Noninverting 
Input Channel 2. 


Inverting Input Channel 2. 


Noninverting 
Input Channell. 


Inverting Input Channell. 


Analog Ground. 


Bias Voltage Output, +3.3V nominal. 


Not Internally Connected. 
Not Internally Connected. 


Chip Select Input. 


Control Input to Synchronize 
Serial Output Data. 


System Clock Input. 


System Clock Output (for Crystal or Resonator). 


Digital Ground. 
Digital Supply, +5V nominal. Must be sAVoo. 


Clock. Input/Output 
for serial data transfer. 


Serial Data Input (can also function as Serial Data 
Output). 


Serial Data Output. 


Data Ready. 
Not Internally Connected. 


Not Internally Connected. 


SCLK Control Input (Master = 1, Slave = 0). 
Analog Supply, +SV nominal. 


Reference 
Output: +2.5V nominal. 


Reference 
Input. 


Noninverting 
Input Channel 4. 


Inverting Input Channel 4. 


Noninverting 
Input Channel 3. 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 


24 


iJi::; 22 
~ 
2a; 
20 


.5c 
~ 18 
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16 
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'"w 


12 


I 


, -.;: "- 


TUrb01~' 
~ 
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"'" 


- 


TUrbo2t 
~ :).; 
'\), 


Turbo 4 


III 
l~ 
(' 
Turbo 8 
III TUrbf 16 
I 
\ 
\ 


10 
100 


Data Rate (Hz) 


~ 
co 
20 


.5c 
"§ 
18 
g., 
a: 
16 


.~ 


~ 
14 


12 


Turbo 4 


I 


Turbo 8 


I 


I I 


TU~1~ 


10 
100 


Data Rate (Hz) 


EFFECTIVE 
RESOLUTION 
YS DATA RATE 
EFFECTIVE 
RESOLUTION 
YS DATA RATE 


(5MHz Clock) 
(1OMHz Clock) 


24 
24 


iJi 
iJi 
::; 
22 
::; 
22 
~ 
~ 


2 
2 
a; 
20 
a; 
20 
c 
c 
c 
c 
~ 18 
0 
18 
:g 
~ 
g 
" 
a: 
16 
a: 
16 


" 
" 
." 
~ 
1il 
14 
14 


'" 
'" 
w 
w 


12 
12 
10 
100 
1000 
10 
100 
toOO 


Data Rate (Hz) 
Data Rate (Hz) 


POWER 
YS TURBO RATE 
POWER 
YS TURBO RATE 


(Internal Reference) 
(External 
Reference) 


80 
60 


70 


50 


60 


~ 
~ 40 
E 
50 
E 
c 
.5 


:;; 
40 
:;; 
30 
~ 
~ 
0 
30 
0 
0- 
0- 
20 


20 
2.5MHz Clock 
, 


10 
10 


2 
4 
16 
4 
16 


Turbo Rate 
Turbo Rate 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


THEORY OF OPERATION 


The ADSI210 
and ADSI211 
are 24-bit 
AID converters 
consisting 
of a programmable 
gain 
amplifier 
(PGA); 
a 


second-order 
delta-sigma modulator; a programmable 
digital 
filter; a micro controller 
including 
the Instruction, 
Com- 
mand, and Calibration 
registers; 
a serial interface; 
a clock 
generator, 
and the modulator 
control 
for the turbo mode 
of operation. 
The ADS 1211 includes 
a 4-channel 
input 
multiplexer. 


The 24-bit AID converter of the ADS1210/11 
is a precision, 
wide range, second-order 
delta-sigma 
architecture, 
capable 
of achieving 
very high resolution 
digital results. At lower 
resolutions, 
it achieves 
a 16kHz sample 
rate. In order to 
provide low system noise, common-mode 
rejection at 160dB 
and excellent power supply rejection, the design topology is 
based on a fully differential 
switched capacitor architecture. 
A unique feature of the ADSI21O/11, 
called Turbo Mode, 


has the ability to externally control the sampling frequency of 
the input modulator. 
Normally, 
the 
modulator 
operates 
at 
20kHz with a IOMHz system clock. The modulator sampling 
frequency can be programmed, 
through the control register, 
to oversample 
at 40kHz, 
80kHz, 
160kHz and 320kHz 
to 
improve the performance 
of the converter. 


The programmable 
gain amplifier (PGA) has a gain range of 
I to 16, increasing 
the dynamic 
range and simplifying 
the 
interface to the more common transducers. 
The PGA gain is 
implemented 
by increasing 
the number 
of samples 
of the 
input capacitor from 20kHz for a gain of I to 320kHz for a 
gain of 16. Since the Turbo Mode and PGA functions 
are 
implemented 
by varying the oversampling 
frequency 
of the 
modulator, 
the combination 
of PGA gain and Turbo Mode 
rate is limited to 16. For example, 
at a Turbo Mode rate of 
8 (160kHz at IOMHz) the PGA gain is limited to 2. 


TURBO 
MODE RATE 
PGA GAIN RANGES 


1 (Normal Mode) 
1.2.4.8.16 
2 
1.2.4.8 
4 
1.2.4 
8 
1.2 
16 
1 


INPUT RANGE 


0/5V 
±10V 


G = 16 


312.5mV 
±625mV 


The ADS 1210/1 I modulator 
sampling 
rate is the system 


clock divided by 512 and is operational 
with system clocks 
from O.5MHz to IOMHz. The combination of programmable 
modulator 
frequency, 
Turbo Mode, a PGA and a variable 
system clock allows a number of performance 
solutions in 


resolution, 
signal bandwidth, 
input range, and power con- 


sumption. Table III shows the effective resolution, 
data rate 
and PGA gain in the normal, Turbo Mode rate of I configu- 
ration with a system clock of IOMHz. Effective resolution is 
used as the figure of merit in the tables to simplify compari- 
sons between data rate, gain and clock rate and is defmed as 
the ratio of output rms noise to the to input full scale. 


DATA 
-3dB 
EFFECTIVE 
RESOLUTION 


RATE 
FREQUENCY 
G= 
1 
G =2 
G=4 
G=8 
G = 16 


10 
2.62Hz 
22 
22 
22 
22 
21 
25 
6.55Hz 
21 
21 
21 
21 
21 
30 
7.86Hz 
21 
21 
21 
21 
21 


50 
13.1Hz 
20 
20 
20 
20 
20 


60 
15.72Hz 
20 
20 
20 
20 
20 


100 
2602Hz 
18 
18 
18 
18 
18 
250 
65.5Hz 
15 
15 
15 
15 
15 
500 
131Hz 
12 
12 
12 
12 
12 


1000 
262Hz 
10 
10 
10 
10 
10 


TABLE Ill. Effective 
Resolution 
vs Data Rate and PGA 


Gain, Turbo Mode Rate I. 


The filter response 
is programmable 
for output data rates 


from 204Hz to 16kHz with a IOMHz clock and O.24Hz to 
1.6kHz with a lMHz clock. The digital filter can also be 
used 
to provide 
notch 
frequencies 
for specific 
response 
nulls. In this way, power line frequencies 
such as 50Hz and 
60Hz can be rejected. 
i~DCYYYYj 


-.. 


o 
• 
~ 
,. 
_ 
_ 
_ 
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Four different kinds of calibration 
schemes are available to 
calibrate 
offset and gain errors. 
Self-calibration 
automati- 


cally shorts the inputs for offset calibration and connects the 
inputs 
to the reference 
for full-scale 
calibration. 
System 
calibration 
provides 
correction 
for 
system 
errors. 
The 
ADS1210/11 
can be independently 
calibrated 
for user ap- 
plied offset and full-scale 
inputs. 


SERIAL 
INTERFACE 


The ADS 1210/11 is controlled 
through 
its serial interface 
and an 8-bit instruction code. This may be followed by a 32- 
bit command 
code 
which 
controls 
the device's 
internal 


configuration. 


The serial interface is a synchronous 
serial interface which 


can operate via 2, 3, 4, or 5 "wires". The serial clock can be 
derived by the ADS 1210/11 from its system clock (MODE 
= I, master 
mode), 
or provided 
by an external 
source 
(MODE = 0, slave mode). 


TURBO 
MODE 


The ADS1210/11 
has a programmable 
modulator 
sampling 
frequency function called Turbo Mode, by which the modu- 
lator sampling frequency can be increased by 2, 4, 8, or 16. 
With 
the increase 
of modulator 
sampling 
frequency, 
the 
system performance 
increases with some increase in power 


dissipation. In this manner, the ADS1210/11 can offer 20 bits 
of effective resolution at IkHz conversion rate with 16 times 
increase of sampling frequency. 
The effective resolution 
at 
each of the Turbo Mode rates and data rates are shown in 
Table IV and the noise figures in Table V. 


TURBO 
TURBO 
TURBO 
TURBO 
DATA 
MODE 
MODE 
MODE 
MODE 
RATE 
RATE 2 
RATE 4 
RATE 8 
RATE 16 


5Hz 
23 
23 
23 
23 


10Hz 
22 
23 
23 
23 


20Hz 
21 
22 
22 
23 
40Hz 
21 
22 
22 
23 


50Hz 
21 
21 
21 
22 


60Hz 
21 
21 
21 
21 


100Hz 
20 
21 
21 
21 


250Hz 
17 
19 
20 
21 


500Hz 
15 
17 
19 
20 
1000Hz 
12 
15 
17 
20 


2000Hz 
14 
16 


TABLE 
IV. Data Rate vs Effective 
Resolution 
and Turbo 
Mode Rate. 


The Turbo Mode also provides 
the flexibility 
to use a low 
frequency 
system clock to save power, or to use a system 


clock derived from a common clock source and still main- 
tain a high resolution. 
For example, 
if the system 
clock 


were reduced 
from 10MHz to 5MHz, 
the turbo 2x mode 


preserves 
the performance. 


TURBO 
TURBO 
TURBO 
TURBO 
DATA 
MODE 
MODE 
MODE 
MODE 
RATE 
RATE 2 
RATE 4 
RATE 8 
RATE 16 


5Hz 
.69 
.69 
.69 
.69 


10Hz 
.97 
.79 
.69 
.69 


20Hz 
1.54 
1.24 
.79 
.79 


40Hz 
1.69 
1.36 
1.17 
.96 


50Hz 
2.27 
1.76 
1.51 
1.37 


60Hz 
2.60 
1.93 
1.66 
1.50 


100Hz 
4.85 
2.53 
2.14 
1.94 


250Hz 
37.2 
6.09 
3.48 
3.07 


500Hz 
208.66 
26.70 
6.67 
4.38 


1000Hz 
1180 
147.72 
26.98 
7.70 


2000Hz 
TBD 


TABLE 
V. 
Data Rate vs Noise (llVrms) and Turbo Mode 
Rate. 


DATA 
SYSTEM 
TURBO 
EFFECTIVE 
RATE 
CLOCK 
MODE RATE 
RESOLUTION 


10Hz 
10MHz 
1 
22 


10Hz 
5MHz 
2 
22 


10Hz 
2.5MHz 
4 
22 


10Hz 
1.25MHz 
8 
22 


10Hz 
1.25MHz 
16 
23 


60Hz 
10MHz 
1 
20 


60Hz 
5MHz 
2 
20 


60Hz 
2.5MHz 
4 
20 


60Hz 
1.25MHz 
8 
20 


60Hz 
1.25MHz 
16 
21 


100Hz 
10MHz 
1 
18 


100Hz 
5MHz 
2 
18 


100Hz 
2.5MHz 
4 
18 


100Hz 
1.25MHz 
8 
18 


100Hz 
1.25MHz 
16 
19 


TABLE 
VI. 
System 
Clock 
vs Turbo 
Mode 
Rate 
and 


Resolution. 


SYSTEM 
CONFIGURATION 


The 
Micro 
Controller 
(MC) 
consists 
of an ALU 
and a 
register bank. The MC has three states: power on reset, test, 
and convert. In the power on reset state, the MC resets all the 
registers 
to their default state, sets up the modulator 
to a 
stable state, and performs 
self-calibration 
at 10Hz cut-off 
frequency. In the test mode, the MC separates the modulator 
output and the decimator 
input so that the modulator 
output 
can be externally 
tested and an external test stream can be 
applied to the decimator. 
The convert mode is the normal 


mode of operation 
for the ADSI21O/11. 


INSR 
Instruction 
Register 
8 Bits 


DOR 
Data Output Register 
24 Bits 
CMR 
Command 
Register 
32 Bits 


OCR 
Offset 
Calibration 
Register 
24 Bits 


FCR 
Full Scale 
Calibration 
Register 
24 Bits 


The ADS 1210/1 I has 5 registers, shown in Table VII that 
control the operation 
of the ADSI21O/11 
and contain 
the 
output data or calibration data. The instruction register (INSR) 
utilizes an 8-bit instruction code which determines what type 
of communication 
will occur next. 
The command 
register 
(CMR) has a 32-bit command code to set up the ADS1210/11 
calibration mode, PGA gain, Turbo Mode, data format, digital 
f1Iterdecimation ratio (output data rate), and channel selection. 
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The instruction 
register 
is an 8-bit register 
which controls 
the serial interface 
to either read data or to write control 
codes to the other registers. 
The control code written to the 
instruction 
register 
determines 
the status of the next read 
or write operation 
and to which register this operation 
will 
be directed. 
I RIW I MB1 
MBO 
A3 


TABLE VIII. Instruction 
Register. 


Read/Write 
Bit-Write 
operations 
require 
that 
a 0 be 
written 
to the instruction 
register 
so that write operation 
actually 
takes place. 
Read instructions 
require 
a I to be 
written 
to this bit. 


Multiple 
Bytes Access Bits-The 
Multiple 
Bytes Access 
bits control 
the word length 
when reading 
or writing 
to 
the ADSI21O/11. 


MBl 
MBO 


0 
0 
1 Byte 
0 
1 
2 Bytes 
1 
0 
3 Bytes 
1 
1 
4 Bytes 


Internal 
Register 
Address-These 
4 bits select the regis- 
ters which will be read or written to during the next cycle of 
operation. 


A3 
A2 
Al 
AO 


0 
0 
0 
0 
Data Output Register Byte 2 
0 
0 
0 
1 
Data Output Register Byte 1 
0 
0 
1 
0 
Data Output Register Byte 0 
0 
1 
0 
0 
Command 
Register Byte 3 
0 
1 
0 
1 
Command 
Register Byte 2 
0 
1 
1 
0 
Command 
Register Byte 1 
, 


0 
1 
1 
1 
Command 
Register Byte 0 
1 
0 
0 
0 
Offset Cal Register Byte 2 
1 
0 
0 
1 
Offset Cal Register Byte 1 
1 
0 
1 
0 
Offset Cal Register Byte 0 
1 
1 
0 
0 
Full Scale Cal Register Byte 2 
1 
1 
0 
1 
Full Scale Register Byte 1 
1 
1 
1 
0 
Full Scale Cal Register Byte 0 


The command 
register 
word 
is comprised 
of 32 bits of 
information 
in 4 bytes of 8 bits each. The command register 
controls all of the functionality 
of the ADS1210/11. 
The new 
configuration 
takes effect on the negative 
transition 
of the 
last bit in the last byte of data being written to the command 
register. 


MSB 
Byte3 
I VB1AS 
VAEF 
DF I 
UtB 
I 
BD 
MSB 
SDL I DRDY I 
""'" 
Byte2 
""'"N 
I MD2 
MDl 
MDO I 
G2 
I 
G1 
GO 
CH1 
CHO 
""'" 


Bytel 
0 
I SF2 
SFl 
SFO I DR12 I 
DR11 I DR10 I 
DR9 
DRB 
""'"N 
Byteo 
LSB 
""'" 
I DR? 
DR6 
DR5 I 
DR4 
I 
DR3 
DR2 
DRl 
DRO 
en 


TABLE IX. Command 
Register. 
C 
<C 


Biasing 
Voltage 
Bit-The 
Biasing Voltage 
bit turns on a. 
+3.3V bias voltage 
for use with a voltage 
divider 
when 
applying a ±lOV input signal. 


Internal 
Reference 
Bit-The 
internal 
reference 
bit turns 
the internal reference on and off allowing an external refer- 
ence to be used. 


Data 
Format 
Bit-The 
Data 
Format 
bit programs 
the 
output data to either be in a two's compliment 
or in an offset 
binary format. 


Unipolar/Bipolar 
Input 
Bit-The 
Bipolar/Unipolar 
bit sets 
the conversion 
mode. 


Byte 
Order 
Bit for 
Data 
Output 
Register-The 
Byte 
Order bit determines the order in which the output data bytes 
will be read, either as MSB byte or as LSB byte first. 


BD 


0 
Byte Access From 
Default 
MSB Byte to LSB 
Byte 


1 
Byte Access From 
LSB Byte to MSB 
Byte 


Data 
Order 
Bit for 
Data 
Output 
Register-The 
Data 
Order bit determines 
the order in which the output data will 
be read, either as MSB first or as LSB first. 


BURR-BROWNe 
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bit is set to O. Setting the bit to I programs the SOlO line to 
be a serial input and to use SDOUT for serial output data. 


SOL 


0 
SOlO Line Used 
Default 


for 1/0 


1 
SOlO Line Used 
for Input. SDOUT 
Line Used for Output 


Data 
Ready 
(Read 
Only)-The 
Data Ready bit is a read 
only bit indicating 
the end of conversion. 


DRDY 


o 
1 


Operation 
Mode 
Bits-The 
Operating 
Mode bits control 


the calibration 
functions 
of the ADS 1210/11. In operation 
the normal mode is used to perform conversions. 
The Self 
Calibration 
mode 
is a one-step 
calibration 
sequence 
that 


calibrates 
both the offset and full scale. 


The System Offset Calibration 
is performed 
at the selected 
gain on the offset voltage on the input to the PGA during the 
calibration 
sequence. 
If the Instruction 
Register 
is set to 
Write mode, then data may also be written 
to the Offset 
Calibration 
Register. 
The System Full-Scale 
Calibration 
is 
performed 
at the selected gain on the voltage on the input to 
the PGA during the calibration 
sequence. 
If the Instruction 
register is set to Write mode, then data may also be written 
to the full-scale 
calibration 
register. 


The Pseudo System Calibration provides offset correction for 
the selected channel and calibration to the internal reference. 
The Background Calibration provides continuous self-calibra- 
tion of the full scale and offset. Background calibration occurs 
as part of the conversion 
process, extending the conversion 
time and slowing the data output rate by a factor of six. 


MD2 
MOl 
MOO 


0 
0 
0 
Normal 
Mode 
0 
0 
1 
Self Cal 


0 
1 
0 
System Offset Cal 


0 
1 
1 
System Full-scale 
Cal 
1 
0 
0 
Pseudo 
System 
Cat 
1 
0 
1 
Background 
Cal 
1 
1 
0 
Sleep 
1 
1 
1 
Reserved 
for Future Use 


G2 
Gl 
GO 
GAIN 


0 
0 
0 
1 
Default 
0 
0 
1 
2 
0 
1 
0 
4 
0 
1 
1 
8 
1 
0 
0 
16 


Channel 
Selection 
Bits-The 
Channel Selection bits deter- 
mine the differential 
analog input to be converted. 
For the 
ADS1210, 
the input channel must always be channell. 


CHl 
CHO 


0 
0 
Channel 
1 
Detault 
0 
1 
Channel 2 
1 
0 
Channel 3 
1 
1 
Channel 4 


Sampling 
Frequency 
Bits-The 
Sampling 
Frequency 
bits 


select the modulator sampling frequency 
as a function of the 
system clock. The modulator 
sampling 
rate can be deter- 
mined by the following 
equation: 


fsc • Turbo Mode 


512 


where fsc is the system clock frequency 
(X/N clock). 
For 
example, 
in th normal 
mode 
of operation 
(Turbo 
Mode 
equals one), the modulator 
sampling rate is 20kHz. 


TURBO 
MODE 
PGA 


SF2 
SFl 
SFO 
RATE 
RANGE 


0 
0 
0 
1 
1·16 
Default 
0 
0 
1 
2 
1·8 
0 
1 
0 
4 
1-4 
0 
1 
1 
8 
1·2 
1 
0 
0 
16 
1 


Decimation 
Ratio-The 
ADS121O/11 decirnator uses a Sinc3 


digital filter for easy programmability. 
The 13 bits used to 
program the fJ.Iterdetermine the cut·off frequency, the position 
of the fIrst notch and the data rate. The data rate for the 
ADS1210/11 is determined by the following equation: 


fsc• 
Turbo Mode 
512 • Decimation 
Ratio 


where fsc is the system clock frequency 
(X1N clock). Table 
X gives decimation 
ratios for various 
data rates with the 
ADS121O/11 
operating 
in the normal 
mode of operation 
(Turbo Mode equals one). 


DECIMATION 
DATAl') 


DR12 
DRll 
DR10 
DR9 
ORB 
DR7 
ORB 
DR5 
DR4 
DR3 
DR2 
DRl 
ORO 
RATIO 
RATE (Hz) 


0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
20 
1000 
Default 


0 
0 
1 
1 
1 
1 
1 
0 
1 
0 
0 
0 
0 
1953 
10 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
977 
20 


·0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
0 
391 
50 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
326 
60 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
195 
100 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
78 
250 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
39 
500 


NOTE: (1) System Clock = 10MHz. 
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P1.5 


P1.6 


A1NP 
REF'N 
P1.7 


A1NN 
REFoUT 
AVOD 
RST_VPD 


AGND 
AVOD 
DVoo 
RXD 


VB1AS 
MODE 
TXD 
ADS1210 
CS 
DRDY 
-INTO 


DSYNC 
SDOUT 
-INT1 


X'N 
SDIO 
TO 


XOVT 
SCLK 
T1 


GND 
DGND 
DVoo 
-WR 


-RD 


GND 
XTAL2 


XTAL1 


Vss 


Default Values-Table 
XI shows the default condition for the 
Command Register. 


MSB 
o 


Byte3 


0 
I 
0 
0 


Byte2 


0 
I 
0 
0 
0 


Byte1 


0 
0"] 


Byteo 
LSB 
I 
1 
00] 
o 


TABLE XI. Command 
Register Default Condition. 


Offset 
Calibration 
Register-The 
ADS121O/11 
has 
a 
24-bit 
read/write 
calibration 
register 
that is used for the 
offset 
coefficients. 
After 
calibration, 
the results 
of the 
operation 
are stored in this register 
and are available 
to the 
user. This data can be used in subsequent 
processing, 
or if 
multiple 
offset calibrations 
are performed, 
the data can be 
averaged 
and written back to the register to provide a high 
accuracy 
zero point. 


MSB 
Byte2 
I OR23 
I OR22 I OR21 I OR20 I OR19 I OR18 
lORn 
I OR16 I 


Byte1 
I OR15 
OR14 
OR13 I OR12 
OR11 I OR10 I 
OR9 
OR8 


Byteo 
LSB 
I OR7 
OR6 I 
OR5 I OR4 I 
OR3 
OR2 
OR1 
ORO 


TABLE XII. Offset Register. 


Full·Scale 
Calibration 
Register-The 
ADS12l0/11 
has a 
24-bit read/write 
calibration 
register 
that is used for the 
full-scale 
coefficients. 
After calibration, 
the results of the 
operation 
are stored in this register and are available 
to the 
user. This data can be used in subsequent 
processing, 
or if 
multiple 
full-scale 
calibrations 
are performed, 
the data can 
be averaged 
and written 
back to the register 
to provide 
a 
high accuracy 
full-scale 
point. 


Byteo 


I FSR7 
I FSR6 I 
FSR5 I FSR4 I FSR3 I FSR2 I 
FSR1 


TABLE XIII. Full-Scale 
Register. 


The converter's 
SSI (synchronous 
serial interface) 
allows 
a variety of serial interface 
configurations. 
Figure 3 shows 
an interface 
to a 8xCSI 
microprocessor 
and 
Figure 
4 
shows 
a two-wire 
interface 
with 
a Motorola 
68HC 11. 


Figures 
5 and 
6 show 
two different 
types 
of isolated 
interfaces. 
Figure 
7 shows 
a typical 
timing 
diagram 
for 
SPI (serial peripheral 
interface) 
communications. 


ALE_PROG 


PSEN 


P2.7 


FIGURE 
3. Three-Wire 
Interface 
With 8xC5l 
Processors. 
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A~P 
REFIN 


".N 
REFOUT 


AGND 
AVoo 


v•••• 
MODE 


CS 
ADS1210 
DRDY 
C, 
DSYNC 
SOOUT 
12pF 
X, 


~ 


X~ 
SOlO 


Xour 
SCLK 


GND 
C, 
X2 
DGND 
DVoo 
12pF 


GND 


C, 


12pF 
~: 


GND 
C, 


12pF 


AVoc 


A1NP 
AEF1N 


"NN 
REFour 


AGND 
AVoo 
DVOD 


VB1AS 
MODE 


CS 
ADS1210 
DRDY 


DSYNC 
SDOUT 
F1, 
loon 
X,N 
SDIO 


XcvT 
SCLK 


DGND 
DVoo 
R, 
loon 


GND 
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AVoo 


A1NP 
REF1N 


A1NN 
REFour 


AGNO 
AVoo 


VIllAS 
MODE 


CS 
ADS1210 
OROY 


C, 
OSYNC 
SDOUT 
l2pF 


Xl 
~: 


X,N 
SOlO 


Xour 
SCLK 


GNO 
C, 
X2 
OGNO 
OVoo 
l2pF 


GNO 


seLK 
SOlO 
_....:::::::.(i""'~:.D<::L>e:!::x::DG:XD<~>---<!!!!X=>C::x:::::)CX::x=>C::x:~~::x:::::)CX::x=x:::x=CJ(jLSBID---- 


SO""'-----------------~""'~=x:::x=CX::::>=x:::x=i~::x=>C::x:::::)CX::x=x:::x:LSB~---- 


SPI 
Read 
Operation 


C, 


12pF 


~ 


AINN 
REFOUT 


AGNO 
AVoo 


VBIAS 
MODE 


cs 
ADS1210 
DRDY 


OSYNC 
SDOUT 


X,N 
SOlO 


XOUT 
SCLK 


DGND 
DVoo 


GND 


FIGURE 
8. Differential 
±IOV Input Configuration. 
(For lower power dissipation: 
R, = Rz = 9kn, R3 = R4 = 3ill.) 
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12-Bit 3J.ls Sampling 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
333k SAMPLES 
PER SECOND 


• 
STANDARD 
±10V AND ±5V INPUT 
RANGES 


• 
DC PERFORMANCE 
OVER TEMP: 
No Missing Codes 
1/2LSB Integral Linearity 
Error 


3/4LSB Differential 
Linearity 
Error 


• 
AC PERFORMANCE 
OVER TEMP: 
72dB Signal-to-Noise 
Ratio 
aOdB Spurious-free 
Dynamic 
Range 


-aOdB Total Harmonic 
Distortion 


• 
INTERNAL 
SAMPLElHOLD, 
REFERENCE, 


CLOCK, AND 3-STATE 
OUTPUTS 


• 
POWER DISSIPATION: 
215mW max 


• 
PACKAGE: 
24-Pin Single-wide 
DIP 
24-Lead SOIC 


The ADS7800 
is a complete 
l2-bit 
sampling 
analog- 
to-digital converter using state-of-the-art 
CMOS struc- 


tures. 
It contains 
a complete 
12-bit successive 
ap- 
proximation 
AID converter with internal sample/hold, 


reference, 
clock, digital interface 
for microprocessor 
control, 
and three-state 
output drivers. 


The ADS7800 
is specified at a 333kHz sampling rate. 


Conversion 
time is factory 
set for 2.70j.lS max over 
temperature, 
and the high speed sampling 
input stage 
insures a total acquisition 
and conversion 
time of 3j.lS 


max over temperature. 
Precision, 
laser-trimmed 
scal- 
ing resistors provide industry-standard 
input ranges of 
±5V or ±lOV. 


AC and DC performance 
are completely 
specified. 


Two grades based on linearity and dynamic 
perform- 
ance 
are 
available 
to provide 
the 
optimum 
price! 


performance 
fit in a wide range of applications. 


The 24-pin ADS7800 
is available 
in plastic and side- 


braze 
hermetic 
0.3" 
wide 
DIPs, 
and 
in an 
SOIC 
package. 
It operates 
from a +5V supply 
and either a 


-12V 
or -15V 
supply. The ADS7800 
is available 
in 
grades 
specified 
over O°C to +70°C 
and --40°C to 


+85°C temperature 
ranges. 


2V 


Reference 
Out 


Output 


Latches 


And 


Three 
State 
Drivers 


Three 
State 


Parallel 
Output 
Data 
Bus 
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SPECIFICATIONS 


ADS7800JP/JUIAH 
ADS7800KPIKUlBH 
00 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
co 


RESOLUTION 
12 
Bits 
r-- 


ANALOG 
INPUT 
CJ) 


Voltage 
Ranges 
±10V1±5V 
V 
C 


Impedance 
±10V Range 
4.4 
6.3 
8.1 
kil 
<C 


±5V Range 
2.9 
4.2 
5.4 
kil 


THROUGHPUT 
SPEED 


Conversion 
TIme 
Conversion 
Alone 
2.5 
2.7 
~s 
Complele 
Cycle 
Acquisition 
+ Conversion 
2.6 
3.0 
~s 


Throughpul 
Rale 
333 
380 
kHz 


DC ACCURACY 
CJ) 
Full Scale 
Error(1) 
±0.50 
±0.35 
% 
I- 


Full Scale Error Drift 
6 
ppml"C 
Z 
Integral Linearity 
Error 
±1 
±1/2 
LSB]21 
W 
Differential 
Linearity 
Error 
±1 
±3/4 
LSB 


No Missing Codes 
Guaranteed 
Guaranteed 
Z 
Bipolar Zero(1) 
±4 
±2 
LSB 
0 
Bipolar Zero Drift 
1 
ppm/oC 
Q. 


Power Supply Sensitivity 
:E 
-16.5V 
< -Vs < -13.5V 
±1/2 
LSB 
-12.6V 
< -Vs < -11.4V 
±1/2 
LSB 
0 
+4.75V < Vs < +5.25V 
±1 
±1/2 
LSB 
0 
Transition 
Noise(3) 
0.1 
LSB 


AC ACCURACY 
Z 


Spurious-Free 
Dynamic 
Range 
fiN = 47kHz 
74 
77 
77 
80 
dB(4) 
0 
Total Harmonic 
Distortion 
fiN 
= 47kHz 
-77 
-74 
-80 
-77 
dB 
i= 
Two-tone 
Intermodulation 
Distortion 
f'N1 = 24.4kHz 
(-8dB) 
-77 
-74 
-80 
-77 
dB 
f'N2 = 28.5kHz 
(-8dB) 
en 
Signal-to-(Noise 
+ Distortion) 
Ratio 
fiN 
= 47kHz 
67 
70 
69 
72 
dB 


Signal-to-Noise 
Ralio (SNR) 
f'N = 47kHz 
68 
71 
70 
73 
dB 
~ 
SAMPLING 
DYNAMICS 
" 


Aperture 
Delay 
13 
ns 
0 
Aperture 
Jitter 
150 
ps. rms 


Transient 
Response(S) 
130 
ns 
<C 


Overvoltage 
Recovery(6j 
150 
ns 


~ 
INTERNAL 
REFERENCE 
VOLTAGE 


Vollage 
1.9 
2.0 
2.1 
V 
<c 
Source Current Available 
10 
~ 
C 
for External Loads 


DIGITAL 
INPUTS 
CJ) 


Logic Levels 
a: 
Vil 
-{).3 
+0.8 
V 
W 
V'H 
+2.4 
+5.3 
V 
I," 
-5 
~A 
I- 


I'H 
+5 
~ 
a: 


DIGITAL 
OUTPUTS 
W 
Data Format 
Parallel, 
12-bit or 8-biU4-bil 
> 
Dala Coding 
Binary Offsel 
Binary 
Z 


Val 
'SINK = 1.6mA 
0.0 
+0.4 
V 
0 
VOH 
ISOURCE 
= 500llA 
+2.4 
+5.0 
V 


IlEAKAGE(High-Z Siale) 
±0.1 
±5 
~A 
0 


POWER 
SUPPLIES 
C 
Rated Vollage 
< 


-Vs 
-11.4 
-15 
-16.5 
V 
Vs (VSA and Vso) 
+4.75 
+5.0 
+5.25 
V 
Current 
-Is 
3.5 
6 
mA 
Is 
18 
25 
mA 
Power Consumption 
135 
215 
mW 
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SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


ADS7800JP/JUIAH 
ADS7800KP/KUIBH 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specification 
JP/JU/KP/KU 
0 
+70 
·C 


AHIBH 
-40 
+85 
·C 


Operating 
JP/KP/JU/KU 
-40 
+85 
·C 


Storage 
-<55 
+150 
OC 


• Same as specification 
for ADS780OJP/JU/AH. 


NOTES, (1) Adjustable 
to zero with external 
pofenfiometer. 
(2) LSB means 
Least Significant 
Bit. For ADS7800, 
1LSB : 
2.44mV 
for the ±5V range, 
1LSB • 
4.88mV for the ±10V range. (3) Noise was characterized 
over temperature 
near full scale, av, and negative full scale. O.1LSB 
represents 
a typical rms level 01 


noise at the worst case, which was near full scale input at +125°C. (4) All specifications 
in dB are referred to a full-scale 
input, either ±10V or ±5V. (5) For full 


scale step input, 12-bit accuracy attained 
in specified time. (6) Recovers to specified 
pertormance 
in specified 
time after 2 x Fs input Qvervoltage. 


PIN# 
NAME 
DESCRIPTION 


1 
IN1 
±1 OV Analog Input. Connected to GND for ±5V range. 


2 
IN2 
±5V Analog Input. Connected to GND for ±10V range. 


3 
REF 
+2V Reference Output. Bypass to GND with 22~F to 
471lF Tantalum. 
Buffer for external loads. 


4 
AGND 
Analog Ground. Connect to pin 13. 


5 
D11 
Data Bit 11. Most Signiticant 
Bit (MSB). 


6 
D10 
Data Bit 10. 


7 
D9 
Data Bit9. 


8 
D8 
Data Bit 8. 


9 
D7 
Data Bit 7 if HBE is LOW; LOW if HBE is HIGH. 


10 
D6 
Data Bit 6 if HBE is LOW; LOW if HBE is HIGH. 


11 
D5 
Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. 


12 
D4 
Data Bit 4 if HBE is LOW; LOW if HBE is HIGH. 


13 
DGND 
Digital Ground. Connect to pin 4. 


14 
D3 
Data Bit 3 if HBE is LOW; Data Bit 11 if HBE is HIGH. 


15 
D2 
Data Bit 2 if HBE is LOW; Data Bit 10 it HBE is HIGH. 


16 
D1 
Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH. 


17 
DO 
Data Bit 0 if HBE is LOW. Least Significant Bit (LSB); 
Data Bit 8 if HBE is HIGH. 


18 
HBE 
High Byte Enable. When held LOW, data output as 12- 
bits in parallel. When held HIGH, four MSBs presented 
on pins 14-17, pins 9-12 output LOWs. Must be LOW to 
initiate conversion. 


19 
RlC 
Read/Convert. 
Falling edge initiates conversion when 


CS is LOW, HBE is LOW, and BUSY is HIGH. 


20 
CS 
Chip Select. Outputs in Hi,Z state when HIGH. Must be 
LOW to initiate conversion or read data. 


21 
BUSY 
Busy. Output LOW during conversion. 
Data valid on 
rising edge in Convert Mode. 


22 
-Vs 
Negative Power Supply. -12V 
or-15V. 
Bypass to GND. 


23 
Vso 
Positive Digital Power Supply. +5V. Connect to pin 24, 
and bypass to GND. 


24 
VSA 
Positive Analog Power Supply. +5V. Connect to pin 23, 
and bypass to GND. 


-Vs to ANALOG COMMON. 
... -16.5V 
Vs to DIGITAL COMMON. 
. 
+7V 


Pin 23 (VSD 
) to Pin 24 (VSA) 
••••••••••••••••••••••••••••••• 
±0.3V 
ANALOG COMMON to DIGITAL COMMON.. 
. 
. 
±1V 
Control Inputs to DIGITAL COMMON 
-{).3 to Vs + 0.3V 
Analog Input Voltage.. 
. ±20V 
Maximum Junction Temperature 
. 
160°C 


Internal Power Dissipation. 
. 
750mW 
Lead Temperature 
(soldering, 
1Os).. 
. +300·C 


Thermal Resistance. 
8JA: 


Plastic DIP 
SOIC 
. 


Ceramic 


................... 
100·CIW 


..... 100·CIW 
....... 50·CIW 


PIN CONFIGURATION 


Top View 
DIPISOIC 


IN1 
VSA 


IN2 
VSD 


REF 
-Vs 


AGND 
BUSY 


D11 
CS 


D10 
RlC 


D9 
HBE 


D8 
DO 


D7 
D1 


D6 
D2 


D5 
D3 


D4 
DGND 
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TYPICAL PERFORMANCE CURVES 


0 


-20 


i'C 
-40 
:E- 
" 
-g 
-60 
'2 
'"'" 
-60 
:; 


-100 


-120 


fiN = 10kHz 
f....."...: 330kHz 
T" = 25°C 


-20 


i'C 
-40 


:E- 
" 
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1 
±10V Analog Input 
15 
D, 


2 
±5V Analog Input 
16 
D, 
3 
+2V Reference Output 
17 
Do 


4a 
Analog 
Ground 
Sense(1) 


4b 
Analog Ground 
(1) 


5 
D,,(MSB) 
18 
HBE 
6 
D" 
19 
RlE 
7 
D, 


8 
D, 
- 
9 
D, 
20 
CS 
10 
D. 
21 
BUSY 
11 
D, 
12 
D, 
22 
-Vs 


13 
Digital Ground 
23 
+VSD 


14 
D, 
24 
vs• 


MilS 
(0.001 ") 
MilliMETERS 


Die Size 
136 x 181 ±5 
3.45 x 4.60 ±0.13 


Die Thickness 
2o±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10xo.1o 


INTEGRAL 
SIGNAl-TO- 
SPECIFICATION 
LINEARITY 
(NOISE+DISTORTION) 
TEMPERATURE 


MODEL 
ERROR (lSB) 
RATIO (dB min) 
RANGE ("C) 
PACKAGE 


ADS7800JP 
±1 
67 
o to +70 
Plastic DIP 
ADS7800KP 
±112 
69 
o to +70 
Plastic DIP 


ADS7800JU 
±1 
67 
o to +70 
Plastic SOIC 
ADS7800KU 
±112 
69 
o to +70 
Plastic SOIC 


ADS7800AH 
±1 
67 
-40 to +85 
Ceramic DIP 


ADS7800BH 
±112 
69 
-40 to +85 
Ceramic DIP 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


ADS7800JP 
24-Pin Plastic DIP 
243 
ADS7800JP 
24-Pin Plastic DIP 
243 
ADS7800JU 
24-Pin Plastic SOIC 
239 
ADS7800KU 
24-Pin Plastic SOIC 
239 
ADS7800AH 
24·Pin Ceramic DIP 
245 
ADS7800BH 
24-Pin Ceramic DIP 
245 


A ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 


The ADS7800 
is an ESD (electrostatic 
discharge) 
sensitive 
device. The digital control inputs have a special FET struc- 
ture, which turns on when the input exceeds the supply by 
18V, to minimize ESD damage. However, permanent damage 
may occur on unconnected 
devices subject to high energy 


electrostatic fields. When not in use, devices must be stored in 
conductive 
foam or shunts. The protective 
foam should be 


discharged 
to the destination 
socket before devices are re- 
moved. 


The information 
provided 
herein is believed 
to be reliable: 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at tho user's own risk. Prices and specifications 
are subject to change 
without notice. No palent rIghts or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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THEORY OF OPERATION 


The ADS7800 combines the advantages of advanced CMOS 
technology 
(logic 
density, 
stable 
capacitors, 
and 
good 
analog switches) 
with Burr-Brown's 
proven skills in laser- 
trimmed thin-film resistors to provide a complete 
sampling 
AID converter. 


A basic 
charge-redistribution 
successive 
approximation 
architecture 
converts 
analog 
input 
voltages 
into 
digital 
words. Figure 
I shows the operation 
of a simplified 
three 
bit 
charge 
redistribution 
AID. 
Precision 
laser-trimmed 
scaling resistors 
at the input divide standard 
input ranges 
(± JOV or ±5V for the ADS7800) into levels compatible 
with 


the CMOS characteristics 
of the internal capacitor 
array. 


While in the sampling mode, the capacitor 
array switch for 
the MSB capacitor (S,) is in position "S", so that the charge 
on the MSB capacitor is proportional 
to the voltage level of 
the analog input signal, and the remaining array switches (S2 
and S3) are set to position "R" to provide an accurate bipolar 
offset from the reference 
source REF. At the same time, 
switch Sc is also in the closed 
position 
to auto-zero 
any 
offset errors in the CMOS comparator. 


When a convert command 
is received, 
switch S 1 is opened 
to trap a charge on the MSB capacitor 
proportional 
to the 
input level at the time of the sampling command, 
switches 
S2 and S3 are opened to trap an offset charge, and switch 
Sc is opened 
to float 
the comparator 
input. 
The charge 
trapped on the capacitor 
array can now be moved between 
the three capacitors 
in the array by connecting 
switches S l' 


S2 and S3 to positions 
"R" (to connect to REF) or "G" (to 
connect to GND) successively, 
changing the voltage gener- 
ated at the comparator 
input node. 


The first approximation 
connects 
the MSB capacitor 
via 
switch S, to REF, while switches 
S2 and S3 are connected 
to GND. Depending 
on whether 
the comparator 
output 
is 
HIGH or LOW, the logic will then latch SI in position "Rn 


or "G", and moves on to make the next approximation 
by 


connecting 
S2 to REF and S3 to GND. 
When 
the three 
successive 
approximation 
steps are made for this simple 
converter, 
the voltage level at the comparator 
will be within 
I/2LSB of GND, and the data output word will be based on 
reading 
the positions 
of S" S2 and 53' 


rv 
m 


lnput 
4C 
2C 
~ 
Comparator 
~ 
}out 


Signal 
$ cT"rT~e~ 
~o_,. 
~ 
R~ 
R~ 
R~ 


+ 


~ 
Ref 


OPERATION 


BASIC 
OPERATION 


Figure 2 shows the simple hookup circuit required to operate 
the ADS7800 
in a ±JOV 
range in the Convert 
Mode. 
A 
convert command 
arriving on pin 19, RlC, (a pulse taking 
pin 19 LOW for a minimum 
of 40ns) puts the ADS7800 
in 
the hold mode, and a conversion 
is started. Pin 21, BUSY, 
will be held LOW during the conversion, 
and rises only after 
the conversion 
is completed 
and the data has been trans- 
ferred 
to the output 
latches. 
Thus, 
the rising edge of the 
signal on pin 21 can be used to read the data from the 
conversion. 
Also, during conversion, 
the BUSY signal puts 
the output data lines in Hi-Z states and inhibits input lines. 
This means that pulses on pin 19 are ignored, 
so that new 
conversions 
cannot be initiated during a conversion, 
either 
as 
a result 
of 
spurious 
signals 
or 
to 
short-cycle 
the 
ADS7800. 


In the Read Mode, the input to pin 19 is kept normally LOW, 
and a HIGH 
pulse 
is used 
to read 
data 
ani 
initiate 
a 
conversion. 
In this mode, the rising edge of R/C on pin 19 
will enable 
the output 
data pins, and the data from 
the 
previous 
conversion 
becomes 
valid. The falling edge then 
puts the ADS7800 
in a hold mode, 
and initiates 
a new 
conversion. 


The ADS7800 
will begin acquiring 
a new sample as soon 
as the conversion 
is completed, 
even 
before 
the BUSY 
output rises on pin 21, and will track the input signal until 
the next conversion 
is started, whether in the Convert Mode 
or the Read Mode. 
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SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


lOBe 
BUSY delay from RlC 
BO 
150 
ns 


Ie 
BUSY Low 
2.5 
2.7 
~s 
tAP 
Aperture 
Delay 
13 
ns 


.6.tAP 
Aperture 
Jitter 
150 
ps, rms 


Ie 
Conversion 
Time 
2.47 
2.70 
~s 


For use with an 8-bit bus, the data can be read out in two 
bytes under the control of pin 18, HBE. With a LOW input 
on pin 18, at the end of a conversion, 
the 8 LSBs of data 
are loaded 
into the latches 
on pins 9 through 
12 and 14 
through 
17. Taking pin 18 HIGH then loads the 4 MSBs on 
pins 
14 through 
17, with pins 9 through 
12 being forced 
LOW. 


The ADS7800 
offers 
two standard 
bipolar 
input ranges: 


±IOV and±5V. 
Ifa±IOV 
range is required, the analog input 


signal should be connected 
to pin 1. A signal requiring 
a 


±5V range should be connected 
to pin 2. In either case, the 


other pin of the two must be grounded 
or connected 
to the 


adjustment 
circuits described 
in the section on calibration. 
(See Figures 
4 and 5, or 10 and 11.) 


The ADS7800 can be easily interfaced to most microproces- 
sor-based 
and other digital 
systems. 
The microprocessor 
may take full control of each conversion, 
or the ADS7800 
may operate in a stand-alone 
mode, controlled 
only by the 
Ric input. Full control consists of initiating the conversion 
and reading the output data at user command, 
transmitting 
data either ail 12-bits in one parallel w£!d, or in two 8-bit 
bytes. The three control inputs (CS, R/C and HBE) are all 
TTL/CMOS 
compatible. 
The functions 
of the control lines 
are shown in Table II. 


CS 
RlC 
HBE 
BUSY 
OPERATION 


1 
X 
X 
1 
None· 
Outputs in Hi·Z State. 


0 
1~0 
0 
, 
Holds 
Signal 
and Initiates 
Conversion. 


0 
1 
0 
1 
Output Three-State 
Buffers Enabled once 


Conversion 
has 
Finished. 


0 
, 
1 
1 
Enable Hi-Byte 
in B-bif Bus Mode. 


0 
1~0 
1 
1 
Inhibit Start of Conversion. 


0 
0 
1 
1 
None - Outputs 
in Hi-Z State. 


X 
X 
X 
0 
Conversion 
in 
Progress. 
Outputs 
Hi-Z 
State. 
New 
Conversion 
Inhibited 
until 


Present 
Conversion 
has Finished. 


For 
stand-alone 
operation, 
control 
of the 
ADS7800 
is 


accomplished 
by a single control line connected 
to Ric. In 
this mode, CS and HBE are connected 
to GND. The output 
data are presented 
as 12-bit words. The stand-alone 
mode 
is used in systems containing 
dedicated 
input ports which 
do not require 
full bus interface 
capability. 


Conversion 
is initiated 
by a HIGH-to-LOW 
transition 
on 
RlC. The three-state 
data output buffers 
are enabled 
when 
RIC is HIGH 
and BUSY 
is HIGH. 
Thus, 
there are two 
possible 
modes 
of operation: 
conversion 
can be initiated 
wi!)1 either positive 
or negative pulses. 
In either case, the 
RlC pulse must remain LOW a minimum 
of 40ns. 


Figure 6 illustrates 
timing when conversion 
is initiated 
by 
an RlC pulse which goes LOW and returns HIGH during the 
conversion. 
In this case (Convert 
Mode), 
the three-state 
outputs go into the Hi-Z state in response to the falling edge 
of RIC, and are enabled for external access of the data after 
completion 
of the conversion. 


Figure 7 illustrates 
the timing when conversion 
is initiated 
by a positive 
RlC pulse. In this mode (Read Mode), 
the 
output data from the previous conversion 
is enabled during 
the HIGH portion of R/C. A new conversion 
starts on the 
falling edge of RlC, and the three-state 
outputs return to the 
Hi-Z state until the next occurrence 
of a HIGH on R/C. 


A conversion 
is initiated on the ADS7800 only by a negative 
transition 
occurring 
on RIC, as shown in Table 1. No other 
combination of states or transitions 
will initiate a conversion. 


Conversion 
is inhibited 
if either CS or HBE are HIGH, or 


if BUSY is Law. 
CS and HBE should be stable a minimum 
of 25ns prior to the transition 
on RlC. Timing relationships 
for start of conversion 
are illustrated 
in Figure 
8. 


The BUSY output indicates the current state ofthe converter 
by being LOW only during conversion. 
During this time the 
three-state 
output 
buffers 
remain 
in a Hi-Z 
state, 
and 
therefore data cannot be read during conversion. 
During this 


period, additional transitions 
on the three digital inputs (CS, 


R/C and HBE) will be ignored, 
so that conversion 
cannot 
be prematurely 
terminated 
or restarted. 
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INTERNAL 
CLOCK 


The ADS7800 
has an internal clock that is factory trimmed 
to achieve 
a typical 
conversion 
time 
of 2.471lS, and a 
maximum 
conversion 
time over the full operating tempera- 
ture range of 2.71lS. No external 
adjustments 
are required, 


and 
with 
the 
guaranteed 
maximum 
acquisition 
time 
of 
300ns, 
throughput 
performance 
is assured 
with 
convert 
pulses as close as 31lS. 


After conversion 
is initiated, the output buffers remain in a 
Hi-Z state until the following 
three logic conditions 
are 
simultaneously 
met: Ric is HIGH, BUSY is HIGH and CS 
is LOW. Upon satisfaction of these conditions, the data lines 
are enabled according to the state of HBE. See Figure 9 and 
Table III for timing relationships 
and specifications. 


OPTIONAL 
EXTERNAL 
GAIN AND OFFSET 
TRIM 


Offset and full-scale 
errors may be trimmed 
to zero using 
external offset and full-scale trim potentiometers 
connected 
to the ADS7800 
as shown in Figures 
10 and II. 


If adjustment 
of offset 
and 
full 
scale 
is not 
required, 


connections 
as shown in Figures 4 and 5 should be used. 


CALIBRATION 
PROCEDURE 


First, trim offset, by applying 
at the input (pin I or 2) the" 


mid-point 
transition voltage (-2.44mV 
for the ±IOV range,~ 


-1.22m V for the ±5V range.) With the ADS7800 converting 
continually, 
adjust potentiometer 
R1 until the MSB (DII 
on 
pin 5) is toggling 
alternately 
HIGH and LOW. 


Next adjust full scale, by applying 
at the input a DC input 
signal that is 3/2LSB below the nominal full scale voltage 
(+9.9927V 
for the ±IOV range, 
+4.9963V 
for the ±5V 


range.) With the ADS7800 
converting 
continually, 
adjust 
R2 until the LSB (DO on pin 17) is toggling HIGH and LOW 
with all of the other bits HIGH. 


Because of the high resolution and linearity of the ADS7800, 
system design problems such as ground path resistance 
and 
contact resistance 
become 
very important. 


ANALOG 
SIGNAL 
SOURCE 
IMPEDANCE 


The input resistance of the ADS7800 is 6.3kil or 4.2kQ (for 
the ±IOV and ±5V ranges respectively.) 
To avoid introduc- 
ing distortion, 
the source resistance 
must be very low, or 
constant with signal level. The output impedance 
provided 
by most op amps is ideal. 


Pins 23 (Vso) and 24 (V SA) are not connected 
internally 


on the ADS7800, 
to maximize 
accuracy 
on the chip. They 


should be connected together as close as possible to the unit. 
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SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


tw 
RiG Pulse Width 
40 
10 
ns 
-- 
- 
lOBe 
BUSY delay from RiG 
80 
150 
ns 


te 
BUSY LOW 
2.5 
2.7 
~s 


lAP 
Aperture 
Delay 
13 
ns 


.1.tAP 
Aperture 
Jitter 
150 
ps, rrns 


Ie 
Conversion 
Time 
2.47 
2.70 
~s 
-- 
lOBE 
BUSY 
from 
End of Conversion 
100 
ns 


tOB 
BUSY Delay aher Dala Valid 
25 
75 
200 
ns 


IA 
Acquisition 
Time 
130 
300 
ns 


t.•.+tc 
Throughput Time 
2.6 
3.0 
~s 


tHDA 
Valid Dala Held Aher RiG LOW 
20 
50 
ns 


ts 
GS or HBE LOW before 
RiC Fal s 
25 
5 
ns 


IH 
GS or HBE LOW aher RiC Falls 
25 
0 
ns 


100 
Dala Valid from Cs LOW, RiC HIGH, and HBE in Desired Slale 
(Load: 
100pF) 
65 
150 
ns 


tHDA 
Valid Dala Held Aher RiG Low 
20 
50 
ns 


4<L 
Delay 10 Hi-Z Stale aher RiG Falls or Cs Rises (3kil 
Pull up or PUlidown) 
50 
150 
ns 


Pin 24 may be slightly more sensitive than pin 23 to supply 
variations, 
but to maintain maximum 
system accuracy, both 
should be well isolated from digital supplies with wide load 
variations. 


~I 
I 


I 
tOBC 
\ 
r~I~' 
-- 


Dala Valid 
I 
I 
Hi-Z State 


To limit the effects 
of digital 
switching 
elsewhere 
in a 
system on the analog performance 
of the system, 
it often 
makes sense to run a separate 
+SV supply conductor 
from 
the supply 
regulator 
to any analog components 
requiring 
+SV, including 
the ADS7800. 


The Vspins 
(23 and 24) should be connected 
together 
and 
bypassed 
with a parallel combination 
of a 6.81JF tantalum 
capacitor and a O.IIJF ceramic capacitor located close to the 
converter to obtain noise-free operation. (See Figure 2.) The 
-Vs 
pin 
22 
should 
be bypassed 
with 
a 
IIJF 
tantalum 
capacitor, 
again as close as possible 
to the ADS7800. 


Noise 
on the power 
supply 
lines can degrade 
converter 
performance, 
especially 
noise and spikes from a switching 


power supply. Appropriate 
supplies or filters must be used. 


The GND pins (4 and (3) are also separated 
internally, 
and 
should be directly 
connected 
to a ground 
plane under the 
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..•• 
_-- 
•.•.~•.J 
compromises 
must be made, 
the common 
return 
of the 


analog input signal should be referenced 
to pin 4, AGND, 


on the ADS7800, 
which prevents 
any voltage 
drops that 
might 
occur 
in the power 
supply 
common 
returns 
from 
appearing in series with the input signal. 


Coupling 
between 
analog input and digital lines should be 
minimized 
by careful layout. For instance, if the lines must 


cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 


If external full scale and offset potentiometers 
are used, the 


potentiometers 
and related 
resistors 
should 
be located 
as 


close to the ADS7800 as possible. 


CS 


RlC 


HBE =>k 


BUSY 


I 


DB11-DBO -4 


--I I. 
too 


~ 
10. 


-+1 
Data vali~ 
)- 
,·--1 
tHL & tHDR 


REFERENCE 
BYPASS 


Pin 3 (REF) 
should 
be bypassed 
with a 22~ 
to 47~ 
tantalum capacitor. 
A rated working voltage of 2V or more 
is acceptable 
here. This pin is used to enhance 
the system 


accuracy 
of 
the 
internal 
reference 
circuit, 
and 
is 
not 
recommended 
for driving 
external 
signals. 
If there 
are 


important 
system reasons for using the ADS7800 reference 
externally, 
the 
output 
of 
pin 
3 must 
be 
appropriately 


buffered. 


"HOT SOCKET" 
PRECAUTION 


Two separate +SV Vspins, 
23 and 24, are used to minimize 
noise caused by digital transients. If one pin is powered and 
the other is not, the ADS7800 
may "Latch 
Up" and draw 


excessive current. In normal operation, 
this is not a problem 
because 
both 
pins 
will 
be soldered 
together. 
However, 


during evaluation, 
incoming 
inspection, 
repair, etc., where 
the potential of a "Hot Socket" exists, care should be taken 
to power the ADS7800 only after it has been socketed. 


Bipolar 


Zero 
Adjust 


+5VI 
R, 


10kil 


6.65kil 


-15V 


MINIMIZING 
"GLITCHES" 


Coupling 
of external 
transients 
into an AID converter 
can 
cause errors which are difficult to debug. In addition to the 
discussions 
earlier 
on layout 
considerations 
for supplies, 


bypassing 
and grounding, 
there 
are several 
other 
useful 


steps that can be taken to get the best analog performance 
out of a system using the ADS78oo. 
These potential system 
problem sources are particularly 
important to consider when 
developing 
a new system, 
and looking 
for the causes 
of 


errors in breadboards. 


First, care should be taken to avoid glitches during critical 
times 
in the sampling 
and conversion 
process. 
Since the 


ADS7800 
has an internal samp~/hold 
function, 
the signal 


that puts it into the hold state (R/C going LOW) is c!i.tical, as 
it would be on any sample/hold 
amplifier. 
The R/C falling 


edge should be sharp and have minimal ringing, especially 
during the 20ns after it falls. 


Although 
not normally 
required, 
it is also good practice to 


avoid glitching the ADS7800 
while bit decisions 
are being 


made. Since the above discussion 
calls for a fast, clean rise 
and fall on RlC, it makes sense to keep the rising edge of the 
convert pulse outside the time when bit decisions 
are being 


made. In other words, the convert 
pulse should either be 
short (under 
lOOns so that it transitions 
before 
the MSB 
decision), 
or relatively 
long (over 2.7S!JS to transition 
after 
the LSB decision). 


±5V 
ADS7800 


External 
Input 


Gain Adjust 
lOon."I 


4 


Bipolar 
R, 
5 


Zero 
10kil 
30.1kil 
6 
Adjust 
10kil 
30W 


-15V 
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Next, although the data outputs are forced into a Hi-Z state 
during conversion, 
fast bus transients 
can still be capaci- 


tively coupled into the ADS7800.1f 
the data bus experiences 
fast transients 
during 
conversion, 
these transients 
can be 


attenuated 
by adding a logic buffer to the data outputs. The 


BUSY output can be used to enable the buffer. 


Naturally, 
transients 
on the analog 
input signal are to be 


avoided, 
especially 
at times 
within 
±20ns 
of R/C going 
LOW, when they may be trapped as part of the charge on the 
capacitor array. This requires careful layout of the circuit in 
front of the ADS7800. 


Finally, 
in multiplexed 
systems, 
the timing 
on when the 
multiplexer 
is switched may affect the analog performance 
of the system. In most applications, 
the multiplexer 
can be 
switched 
as soon 
as R/C 
goes 
LOW 
(with 
appropriate 
delays), but this may affect the conversion 
if the switched 
signal shows glitches or significant 
ringing at the ADS7800 
input. 
Whenever 
possible, 
it is safer 
to wait 
until 
the 
conversion 
is completed 
before switching 
the multiplexer. 


The extremely 
fast acquisition 
time and conversion 
time of 
the ADS7800 make this practical in many applications. 


INPUT VOLTAGE 
RANGE 
AND LSB VALUES 


Input Voltage 
Range Defined As: 
±10V 
±5V 
Analog 
Input Connected 
to Pin 
1 
2 
Pin Connected 
10 GND 
2 
1 
One Least Significant 
Bit (LSB) 
FSR/212 
20V/212 
10V/212 


I 
4.88mV 
2.44mV 


OUTPUT 
TRANSITION 
VALUES 


FFEH to FFFH 
+Full Scale 
+1OV-3/2LSB 
+5V-3I2LSB 


+9.9927V 
+4.9963V 


7FFH to 800H 
Mid Scale 
OV-1/2LSB 
OV-1/2LSB 


(Bipolar Zero) 
-2.44mV 
-1.22mV 


OOOHto 001H 
-Full 
Scale 
-10V+1/2LSB 
-5V+lI2LSB 


-9.9976V 
-4.9988V 
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Autocalibrating, 
4-Channel, 
12-Bit 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
LOW POWER: 
10mW plus Power Down 


• 
SIGNAL-TO-(NOISE 
+ DISTORTION) 
RATIO OVER TEMPERATURE: 
69dB min with 
fIN = 1kHz 
66dB min with 
fiN = 50kHz 


• 
FAST CONVERSION 
TIME: 8.5!JS 


Including 
Acquisition 
(117kHz 
Sampling 
Rate) 
• 
DC PERFORMANCE 
OVER 
TEMPERATURE: 
±3/4 LSB max Total Error 
±1/4 LSB max Channel 
Mismatch 


• 
FOUR-CHANNEL 
INPUT MULTIPLEXER 


• 
SINGLE 
SUPPLY: 
+5V 


• 
PIN COMPATIBLE 
WITH ADC7802 


The ADS7803 
is a monolithic 
CMOS 
12-bit analog- 
to-digital converter with internal sarnplelbold and four- 
channel multiplexer. 
It is designed and tested for full 
dynamic performance 
with input signals to 50kHz. An 
autocalibration 
cycle 
guarantees 
a total unadjusted 
error within ±3/4LSB 
over the specified 
temperature 


range, eliminating 
the need for offset or gain adjust- 
ment. The 5V single-supply 
requirements 
and stan- 


dard CS, RD, and WR control signals make the part 
easy to use in microprocessor 
applications. 
Conver- 
sion results are available in two bytes through an 8-bit 
three-state 
output bus. 


The ADS7803 is available in a 28-pin plastic DIP and 
28-lead PLCC, fully specified for operation 
over the 


industrial -40°C 
to +85°C temperature 
range. 


BUSY 


8-Bit 
Data Bus 
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ADS7803BP/ADS7803BN 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bits 


ANALOG 
INPUT 
Voltage Input Range 
VA'" 
= 5V, VAEr = OV 
0 
5 
V 
Input Capacitance 
50 
pF 
On State Bias Current 
100 
nA 
Off State 
Bias Current 
T,..",,+25°C 
10 
nA 
TA = -40·C 
to +85·C 


" 


100 
nA 
On Resistance 
Multiplexer 
2 
, 
kQ 


Off Resistance 
Multiplexer 
10 
MQ 


Channel 
Separation 
500Hz 
92 
dB 


REFERENCE 
INPUT 
Iio 


For Specified 
Performance: 
VRE.=+ 
VAE•• $ VA 
5 
V 
VREr 
~ 
0 
V 
For Derated 
Performance!l): 
VRE~ 
4.5 
VA 
V 


VREr 
0 
1 
V 
Input Reference 
Current 
VAE•• = 5V, VAEr 
= OV 
10 
100 
~ 


THROUGHPUT 
TIMING 


Conversion 
Time With External 
Clock (Including 
CLK = 2MHz 
8.5 
~s 


Multiplexer 
Settling 
Time and Acquisition 
Time) 
ClK = 1MHz 
17 
~s 


ClK 
= 500kHz 
34 
~s 
With Internal Clock Using Recommended 
TA = +25·C 
10 
~s 
Clock Components 
TA 
:c -40°C 
to +85°C 
10 
~s 


Multiplexer 
Settling Time to 0.01 % 
460 
ns 
MUltiplexer 
Access 
Time 
20 
ns 


DC ACCURACY 
Total Error, All Channels(2) 
±112 
±314 
lSB 
Differential 
Nonlinearity 
±1/4 
±112 
lSB 
No Missing Codes 
Guaranteed 
Gain Error 
All Channels 
±1/8 
±1/4 
lSB 
Gain Error Drift 
Between 
Calibration 
Cycles 
±0.2 
ppm/"C 


Offset 
Error 
All Channels 
±1/8 
±1/4 
lSB 
Offset 
Error Drift 
Between 
Calibration 
Cycles 
±0.2 
ppm/"C 


Channel·to-Channel 
Mismatch 
±1/4 
lSB 
Power 
Supply Sensitivity 
VA ~ Vo = 4.75V to 5.25V 
±118 
lSB 


ACACCURACY 
Signal-to-(Noise 
+ Distortion) 
Ratio 
fIN = 1kHz 
69 
71 
dB 
fiN = 50kHz 
66 
69 
dB 
Total Harmonic 
Distortion 
I'N = 50kHz 
-75 
dB 
Signal-Ie-Noise 
Ratio 
fiN = 50kHz 
70 
dB 


Spurious 
Free Dynamic 
Range 
fiN:: 1kHz 
90 
dB 
fiN= 50kHz 
82 
dB 


SAMPLING 
DYNAMICS 
Full Power 
Bandwidth 
-3dB 
4 
MHz 
Aperture Delay 
SFR D2l0W 
2500 
ns 
Offset 
Error 
SRF D2 HIGH 
5 
ns 
SFR D2l0W 
±1/8 
±1/4 
lSB 
SFR D2 HIGH, Internal Clock or 
±112 
±1 
lSB 
Sampling 
Command 
Synchronous 
to External 
Clock 
SFR D2 HIGH, Sampling Command 
±4 
lSB 
Asynchronous 
to External 
Clock 


DIGITAL 
INPUTS 
All Pins Other Than ClK: 
V" 
0.8 
V 
V,H 
2.4 
V 
Input Current 
TA= 
+25°C, V1N= 
0 to Vo 
1 
~ 
TA = -40°C to +85°C, V1N:: 
0 to Vo 
10 
~ 
ClK 
Input V,L 
0.8 
V 
V,H 
3.5 
V 


I'L 
10 
~A 


I'H 
1.5 
mA 


I'H 
Power Down Mode (D3 in SFR HIGH) 
100 
nA 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change 
without 
notice. 
No patent 
rights or licenses 
to any of the circuits described 
herein 
are implied 
or granted 
to any third party. 
BURR·BROWN 
does 
not 


authorize 
or warrant 
any BURR-BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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AIN3 


PARAMETER 


DIGITAL 
OUTPUTS 


VOl 


VQH 
Leakage Current 
Output Capacitance 


POWER SUPPLIES 
Supply Voltage for Specified Pertormance: 
VA 
VD 


ISINK = 1.6mA 
ISOUACE 
: 200JlA 


High-Z State, Vour: 
OV to VD 


High-Z Stale 


Supply Current: IA 


ID 
Power Dissipation 
Power Down Mode 


Logic Input Pins HIGH or LOW 
WR = AD = CS = BUSY = HIGH 


See Table III 


TEMPERATURE 
RANGE 


Specification 
Storage 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


ADC7803BN 
28-Pin LCC 
251 


ADS7803BP 
28-Pin Plastic DIP 
215 


-- 
__ .._. __._ .• _ ••••• 1 •••..••,t" •• , •.•••• , •• , ••••,,, •• ~ 
••.•UlG'"';:,C 
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ADS7803BP/ADS7803BN 


MIN 
TYP 
MAX 
UNITS 


0.4 
V 
V 
±1 
JlA 


15 
pF 


4_75 
5 
5.25 
V 
4.75 
5 
5.25 
V 


1 
2.5 
mA 


1 
2 
mA 


10 
mW 


50 
~W 


-40 
+85 
·C 


--65 
+150 
·C 


VA to Analog Ground.. 
.. 
6.5V 
~~DigitaIGround.. 
. 
6.5V 


Pin VA to Pin Vo .. 
... ±O.3V 
Analog Ground to Digital Ground 
±1V 


Control Inputs to Digital Ground 
-o.3V to Vo + O.3V 
Analog Input Voltage to Analog Ground 
-{).3V 
to VD + 0.3V 


Maximum Junction Temperature.. 
. 
150°C 
Internal Power Dissipation.. 
. 
875mW 
Lead Temperature 
(soldering, 
105).. 
.. 
+300"C 


Thermal Resistance, 
6JA: Plastic DIP 
750CIW 


PLCC . 
.. 
75'CIW 


MINIMUM SIGNAL-TO- 
SPECIFICATION 
(NOISE + DISTORTION) 
MAXIMUM 
TOTAL 
TEMPERATURE 


MODEL 
RATIO,dB 
ERROR, LSB 
RANGE 


ADS7803BN 
69 
±314 
-40·C 
to +85OC 
ADS7803BP 
69 
±314 
-40·C 
to +85'C 
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For Immediate Assistance, Contact YourLocal Salesperson 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 


N 
1.1 
I~g 1.05 


<I> 
~ 
LL 
"8 
U 0.95 


o 
25 
50 


Ambient Tempereture 
(0G) 


ADS7803 uses the advantages 
of advanced CMOS technol- 
ogy 
(logic 
density, 
stable 
capacitors, 
precision 
analog 
switches, and low power consumption) 
to provide a precise 
12-bit analog-to-digital 
converter with on-chip sampling and 
four-channel 
analog-input 
multiplexer. 


The input stage consists 
of an analog multiplexer 
with an 
address latch to select from four input channels. 


The 
converter 
stage 
consists 
of an advanced 
successive 
approximation 
architecture 
using charge redistribution 
on a 
capacitor 
network 
to digitize 
the input signal. A tempera- 
ture-stabilized 
differential 
auto-zeroing 
circuit 
is used to 
minimize 
offset errors in the comparator. 


Linearity 
errors 
in the 
binary 
weighted 
main 
capacitor 
network 
are corrected 
using a capacitor 
trim network 
and 
correction factors stored in on-chip memory. The correction 
terms are calculated 
by an on-chip microcontroller 
during a 
calibration cycle, initiated either by power-up or by applying 
an external 
calibration 
signal at any time. During 
conver- 
sion, the correct trim capacitors 
are switched into the main 
capacitor array as needed to correct the conversion accuracy. 
With all of the capacitors in both the main array and the trim 
array on the same chip, excellent stability is achieved, both 
over temperature 
and over time. 


For flexibility, timing circuits include both an internal clock 
generator 
and an input for an external clock to synchronize 
with external 
systems. 
Standard 
control 
signals and three- 
state input/output 
registers simplify interfacing ADS7803 to 
most micro-controllers, 
microprocessors 
or digital 
storage 
systems. 


The on-chip 
sampling 
provides 
excellent 
dynamic 
perfor- 


mance for input signals to 50kHz, and has a full-power -3dB 
bandwidth 
of 4MHz. 
Full 
control 
over 
sample-to-hold 
timing is available 
for applications 
where this is critical. 


Finally, 
this performance 
is matched 
with the low-power 
advantages 
of CMOS 
structures 
to allow a typical power 
consumption 
of IOmW, with a 50/iW power down option. 


-- 


.i 


.......• 


100 


ReLoc• 
(kn) 


Figure 
I shows 
the 
simple 
circuit 
required 
to operate 
ADS7803 
in the Transparent 
Mode, 
converting 
a single 
input channel. A convert command 
on pin 20 (WR) starts a 
conversion. 
Pin 22 (BUSY) will output a LOW during the 
conversion 
process (including 
sample acquisition 
and con- 
version), 
and rises only after the conversion 
is completed. 


The two bytes of output data can then be read using pin 18 
(RD) and pin 21 (HBE). 


+5V 


NC 
1 
SFR 
V. 


AINO 
AGND 


AIN1 
CAl 


AIN2 
Al 


AIN3 
AO 


VREF+ 
ClK 


VAEr 
BUSY 


DGND 
HBE 


vo 
WR 


D7 
CS 


D6 
AD 


D5 
DO 


D4 
D1 


Data Bit 11 ~ Data 
Bi13 
14 
D3 
D2 
15 
Data 
Bit 2: 
Data 
Bit 10 
(MSB) ..... 


HBE Input : HBE Input 
HBE Input HBE Input 


HIGH 
lOW 
LOW 
HIGH 


FIGURE 
I. Basic Operation. 
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-- 


wIth vahd signals on AD, Al 
and CS. The selected 
input 


channel 
is sampled 
for five clock cycles. 
The successive 
approximation 
conversion 
takes place during clock cycles 6 


through 
17. 


Figures 2 and 3 show the full conversion 
sequence and the 


timing to initiate a conversion. 


A conversion can also be initiated by a rising edge on pin 26, 
if a HIGH has been written to D2 of the Special Function 
Register, 
as discussed 
below. 


(or after a power failure). Calibration can also be initiated by 
the user at any time by the rising edge of a minimum 
lOOns- 
wide LOW pulse on the CAL pin (pin 26), or by setting DI 
HIGH in the Special Function 
Register 
(see SFR section). 


A calibration 
command 
will initiate 
a calibration 
cycle, 


regardless 
of whether a conversion 
is in process. 
During a 


calibration 
cycle, convert commands 
are ignored. 


Calibration 
takes 168 clock cycles, and a normal conversion 


(17 clock cycles) is added automatically. 
Thus, at the end of 
a calibration 
cycle, there 
is valid conversion 
data 
in the 


output registers. 
For maximum 
accuracy, 
the supplies 
and 
reference need to be stable during the calibration procedure. 
To ensure that supply voltages have settled and are stable, an 
internal 
timer provides 
a waiting 
period 
of 42,425 
clock 


cycles between power-up/power-failure 
and the star! of the 


calibration 
cycle. 


PIN # 
NAME 
DESCRIPTION 


1 
SFR 
Special 
Function 
Register. 
When 
connected 
to a microprocessor 
address 
pin, allows access 
to special 
functions 


through 
DO to 07. 
See the sections 
discussing 
the Special 
Function 
Register. 
11not used, connect 
to DGND. 
This pin 
has an internal pull-down. 


2 to 5 
AINO to AIN3 
Analog 
inputs. Channel 
0 to channel 
3. 


6 
VREF+ 
Positive voltage 
reference 
input. Normally 
+SV. 
Must 
be '5.VA. 
.~ 


7 
VREr 
Negative 
voltage 
reference 
input. Normally 
OV. 


8 
DGND 
Digital ground~ DGND • OV~ 


9 
Vo 
Logic supply voltage. 
Vo::; +SV. Must be sVA and applied 
after 
VA- 


10 to 17 
DO to 07 
Data 
Bus Input/Output 
Pins. Normally 
used to read output data. see section on SFR (Special 
Function Register) for 


other uses. 
When 
SFR 
is LOW, 
these 
function as follows: 


10 
07 
Data Bit 7 if HBE is LOW; 
if HBE is HIGH, 
acts as converter 
status pin and is HIGH 
during conversion 
or calibration, 


goes LOW after the conversion 
is completed. 
(Acts as an inverted 
BUSY). 
11 
06 
Data Bit 6 if HBE is LOW; LOW if HBE is HIGH~ 
12 
05 
Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. 


13 
04 
Data Bif 4 if HBE is LOW; LOW if HBE is HIGH~ 


14 
03 
Data Bit 3 if HBE is LOW; Data Bit 11 (MSB) if HBE is HIGH. 


15 
02 
Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. 


16 
01 
Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH. 


17 
DO 
Data Bif 0 (LSB) if HBE is LOW; Data Bit 8 if HBE is HIGH. 


18 
RD 
Read 
Input. Active LOW; 
used to read the data outputs in combination 
with CS and HBE. 


19 
CS 
Chip Select Input. Active LOW. 


20 
WR 
Write 
Input. Active LOW; 
used to start a new conversion 
and to select an analog 
channel 
via address 
inputs AO and A 1 


in combination 
with CS. The minimum 
WR pulse LOW width is 100ns. 


21 
HBE 
High Byte Enable. 
Used to select 
high or low data output byte in combination 
with CS and RD, or to select SFR. 


22 
BUSY 
BUSY 
is LOW during conversion 
or calibration. 
BUSY 
goes HIGH 
after the conversion 
is completed. 


23 
CLK 
Clock 
Input. For internal or external 
clock operation. 
For external 
clock operation, 
connect 
pin 23 to a 74HC-compatible 
clock source. 
For internal clock operation, 
connect 
pin 23 per the clock operation 
description. 


24 fo 25 
AO to A1 
Address 
Inputs. Used to select one of four analog 
input channels 
in combination 
with CS and WR. The address 
inputs 


are latched on the rising edge of WR or CS. 


A1 
AO 
Selected 
Channel 


LOW 
LOW 
AINO 
LOW 
HIGH 
AIN1 
HIGH 
LOW 
AIN2 
HIGH 
HIGH 
AIN3 


26 
CAL 
Calibration 
Input. A calibration 
cycle is initiated when CAL is LOW. 
The minimum 
pulse width of CAL is 10ons. 
If not 
(SHC) 
used, connect 
to Va' 
In this case calibration 
is only initiated at power on, or with SFR. 
If 02 of the SFR 
is programmed 


HIGH, 
pin 26 will be used as an input to control the sample-to-hold 
timing. A rising edge 
on pin 26 will switch from 
sample-mode 
to hold-mode 
and initiate a conversion. 
This pin has an internal pull-up. 


27 
AGND 
Analog 
Ground. 
AGND 
"" OV. 


28 
VA 
Analog 
Supply. 
VA"" +SV. 
Must be '2Vo and VAEF+. 
( 
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READING 
DATA 


Data from the ADS7803 
is read in two 8-bit bytes, with the 
Low byte containing 
the 8 LSBs of data, and the High byte 


containing 
the 4 MSBs of data. The outputs are coded 
in 


straight binary (with OV = 000 hex, SV = FFF hex), and the 
data is presented in a right-justified 
format (with the LSB as 


the most right bit in the 16-bit word). Two read operations 
are required to transfer the High byte and Low byte, and the 
bytes are presented according to the input level on the High 
Byte Enable pin (HBE). 


The bytes can be read in either order, depending on the status 
of the HBE input. If HBE changes 
while CS and RD are 
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WR ~"":, 
---------~--------~---- 
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Successive 
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Offset Auto Zeroing 
Approximation 
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FIGURE 4. Read Cycle Timing. 
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LOW, the output data will change to correspond 
to the HBE 
input. Figure 4 shows the timing for reading first the Low 
byte and then the High byte. 


ADS7803 
provides 
two modes for reading the conversion 
results. At power-up, 
the converter is set in the Transparent 


Mode. 


TRANSPARENT 
MODE 


This is the default mode for ADS7803. 
In this mode, the 
conversion 
decisions 
from 
the successive 
approximation 
register are latched into the output register as they are made. 
Thus, the High byte (the 4 MSBs) can be read after the end 
of the ninth 
clock cycle 
(five clock 
cycles 
for the mux 
settling, 
sample 
acquisition 
and auto-zeroing 
of the com- 
parator, 
followed 
by the four clock cycles for the 4MSB 
decisions.) The complete l2-bit data is available after BUSY 
has gone HIGH, or the internal status flag goes LOW (D7 
when HBE is HIGH). 


LATCHED 
OUTPUT 
MODE 


This mode is activated 
by writing 
a HIGH to DO in the 
Special Function Register with CS and WR LOW and SFR 
and HBE HIGH. (See the discussion of the Special Function 
Register below.) 


In this mode, the data from a conversion 
is latched into the 
output 
buffers 
only 
after 
a conversion 
is complete, 
and 
remains 
there until the next conversion 
is completed. 
The 
conversion 
result is valid during the next conversion. 
This 
allows the data to be read even after a new conversion 
is 
started, for faster system throughput. 


TIMING 
CONSIDERATIONS 


Table I and Figures 3 through 9 show the digital timing of 
ADS7803 
under the various 
operating 
modes. 
All of the 
critical 
parameters 
are guaranteed 
over the full --40°C to 
+85°C operating 
range for ease of system design. 


SPECIAL 
FUNCTION 
REGISTER 
(SFR) 


An internal register 
is available, 
either to determine 
addi- 


tional data concerning 
the ADS7803, 
or to write additional 
instructions 
to the converter. 


Table II shows the data in the Special Function Register that 
will be transferred 
to the output bus by driving HBE HIGH 


(with SFR HIGH) and initiating 
a read cycle (driving RD 
and CS LOW with WR HIGH.) The Power Fail flag in the 
SFR is set when the power supply falls below about 3V. The 
flag also means that a new calibration 
has been started, and 
any data written to the SFR has been lost. Thus, the ADS7803 
will again be in the Transparent 
Mode. Writing a LOW to 
D5 in the SFR resets the Power Fail flag. The Cal Error flag 
in the SFR is set when an overflow 
occurs during calibra- 


tion, which may happen in very noisy systems. It is reset by 
starting 
a calibration, 
and remains 
low after a calibration 
without an overflow 
is completed. 


Table III shows how instructions 
can be transferred 
to the 
Special Function Register by driving HBE HIGH (with SFR 
HIGH) 
and initiating 
a write cycle (driving 
WR and CS 
LOW with RD HIGH.) Note that writing to the SFR also 
initiates a new conversion. 


SYMBOL 
PARAMETERI') 
MIN 
TYP 
MAX 
UNITS 


t, 
GS 10 WR Setup Time(2) 
0 
0 
0 
ns 


12 
WR or GAL Pulse Width 
100 
ns 


t, 
CS 10 WR Hold Time(2) 
0 
0 
0 
ns 


" 


WR to BUSY Propagation 
Delay 
20 
50 
150 
ns 


Is 
AO. A1. HBE. SFR Valid 10 WR Setup Time 
0 
ns 


Is 
AD, AI, 
HBE, SFR Valid to WR Hold Time 
20 
ns 


I, 
BUSY to CS Setup Time 
0 
ns 


I, 
CS 10 AD Setup Time(2) 
0 
0 
0 
ns 


I, 
AD Pulse Widlh 
100 
ns 


t,• 
CS 10 AD Hold nme(2) 
0 
0 
0 
ns 


t" 
HBE. SFR to AD Setup Time 
50 
ns 


t'2 
HBE, SFR 10 AD Hold Time 
0 
ns 


t" 
AD to Valid Dala (Bus Access Time)!') 
80 
150 
ns 


I" 
AD to Hi·Z Delay (Bus Release Time)!') 
90 
180 
ns 


I" 
R5 10 Hi·Z Delay For SFR!') 
20 
60 
ns 


t16 
Data Valid 10 WR Setup Time 
100 
ns 


I" 
Dala Valid 10 WR Hold Time 
20 
ns 


I" 
Acquisition 
Time. Pin 26 lOW 
with 02 in SFR HIGH 
2.5 
~s 


119 
Sample-Io-Hold 
Aperture 
Delay. (02 in SFR HIGH) 
5 
ns 


120 
Delay from rising edge on pin 26 to start of conversion. 
1.5 
GlK 
cycles 


(02 
in SFR HIGH) 


NOTES: (1) All input control signals are specified with fRISE '" ~"lL 
= 2008 (1~!o 
to 9~ 
of 5V) and timed from a voltage level of 1.6V. Data is tim~ 
from VlH• 


VtL• VQHor 
VOL' 
(2) The internal AD pulse is performed 
by a NOR wiring of CS and RD. The internal WR pulse is performed by a NOR wiring of CS and WR. 


(3) Figures 8 and 9 show the measurement 
circuits and pulse diagrams for testing transitions 
to and from Hi-Z states. 
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PIN 
FUNCTION 
DESCRIPTION 


DO 
Mode Status 
If LOW, Transparenl 
Mode enabled for 
dala lalches. 
If HIGH, lalched Output 
Mode enabled. 


01 
CAL Flag 
If HIGH, 
calibration 
cycle in progress. 


02 
Pin 26 Status 
If LOW, 
pin 26 used as input to initiate 
calibration 
cycle. If HIGH, pin 26 used as 


input to control sample-la-hold 
timing. 


03 
Power 
Down Status 
If HIGH, in Power Down Mode. 


04 
Reserved 
for factory use. 


05 
POWER FAIL Flag 
If HIGH, a power supply failure has 
occurred. 
(Supply fell below 3V.) 


06 
CAL ERROR Flag 
If HIGH, 
an overflow 
occurred 
during 


calibration. 


07 
BUSY Flag 
If HIGH, 
conversion 
or calibration 
in 


progress. 


NOTE: 
These 
data are transferred 
to the bus when a read cycle is initiated 
wilh SFR and HBE HIGH. Reading the SFR wilh SFR HIGH and HBE LOW 
is reserved 
for factory use at this time, and will yield unpredictable 
data. 


POWER 
DOWN 
MODE 


Writing a HIGH to D3 in the SFR puts the ADS7803 
in the 
Power Down Mode. Power consumption 
is reduced to 50l!W 


and 
D3 remains 
HIGH, 
The 
internal 
clock 
and 
analog 
circuitry 
are turned off, although 
the output registers 
and 
SFR can still be accessed 
normally. 
To exit Power Down 
Mode, either write a LOW to D3 in the SFR, or initiate a 
calibration 
by sending a LOW to the CAL pin or writing 
a HIGH to D I. Note that if the power supply falls below 3V 
and then recovers, 
a calibration 
is automatically 
initiated, 


and the SFR 
will 
be reset. 
D3 will be LOW, 
and the 
ADS7803 
will not be in the Power Down Mode. 


During 
Power 
Down Mode, 
a pulse on CS and WR will 
initiate a single conversion, 
then the ADS7803 will revert to 
power down. Also, writing to D I and D3 in the SFR will 
initiate a calibration, 
do a single conversion and revert to the 
Power Down Mode, in 185 clock cycles. Accurate conver- 
sion results will be available 
in the output registers. 


The activation delay from power down to normal operation 
is included in the sampling time. No extra time is required, 
either when coming out of the Power Down Mode or when 
making a single conversion 
in the Power Down Mode. 


cs 
\.'- 
~I 


- 
11 -12---- 
t, - 
-W-R----~\ 
I 
-15- 
'-------~;-t6- 


~ 
,,---- 
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\1 
V,H 
~---- 
v" ) 
_ 
t"l- 


cs 
I. 
- 
I" 
RJj 
\ 
I 
t" 
I" 


HBE 


-I 
I" i- 
t" 


~ 
c= 
--113- 
VIH ---114- 


< 
SFR Dala 
}- 


00- 
07 


SAMPLE/HOLD 
CONTROL 
MODE 


With D2 in the SFR HIGH, a rising edge input on pin 26 will 
switch the ADS7803 
from sample-mode 
to hold-mode 
with 
a 5ns aperture delay. This also initiates a conversion, 
which 
will start within 
1.5 CLK cycles. 


This mode allows full control over the sample-to-hold 
tim- 
ing, which is especially 
useful where external events trigger 
sampling timing. 


In the Sample/Hold 
Control 
Mode, 
pin 26 must be held 
LOW a minimum 
of 2.5l!S between 
conversions 
to allow 
accurate acquisition 
of input signals. Also, offset error will 
increase in this mode, since auto-zeroing 
of the comparator 
is not synchronized 
to the sampling. 
Minimum 
offset 
is 


achieved 
by synchronizing 
the sampling 
signal 
to CLK, 
whether 
internal 
or external. 
Ideally, 
the sampling 
signal 


OPERATION 
CSlWR 
SFRlHBE 
DO 
01 
02 
03 
05 
D4ID6ID7 


Enables 
Transparent 
Mode for Data 
Latches 
LOW 
HIGH 
LOW 
X 
X 
X 
X 
LOW 


Enables 
Latched 
Output 
Mode for Data 
Latches 
LOW 
HIGH 
HIGH!') 
X 
X 
X 
X 
LOW 


Initiates Calibration 
Cycle 
LOW 
HIGH 
X 
HIGH 
X 
X 
X 
LOW 


Activates 
Sample/Hold 
Control Mode 
LOW 
HIGH 
X 
X 
HIGH!') 
X 
X 
LOW 


Activates 
Power 
Down Mode(2) 
LOW 
HIGH 
X 
X 
X 
HIGH!') 
X 
LOW 


Resets 
Power 
Fail Flag 
LOW 
HIGH 
X 
X 
X 
X 
LOW 
LOW 


NOTES: 
(1) Writing a LOW here reactivates 
the standard 
mode of operation. 
(2) In Power Down Mode, 
a pulse on C"S and WR will initiate a single conversion, 


then the ADS7803 
will revert to power down. (3) X means 
it can be either HIGH 
or LOW without affecting this action. Writing HIGH 
to 04 or 06. 
or writing with 
SFR 
HIGH 
and HBE LOW, 
may result in unpredictable 
behavior. 
These 
modes are reserved 
for factory use at this time. 
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In the Sample/Hold 
Control Mode, a LOW pulse on WR 
(with CS LOW) will not initiate a conversion, 
but the rising 
edge will latch the multiplexer 
channel 
according 
to the 
inputs on AO and AI. When changing channels, this must be 
done at least 2.5J.lS before 
pin 26 goes HIGH 
(to start a 


conversion.) 


Table IV shows the functions of the various control lines on 
the ADS7803. The use of standard CS, RD and WR control 
signals 
simplifies 
use with most microprocessors. 
At the 
same time, flexibility 
is assured 
by availability 
of status 
information 
and control functions, both through the SFR and 
directly on pins. 


INPUT IMPEDANCE 


ADS7803 
has a very high 
input 
impedance 
(input 
bias 
current over temperature 
is 100nA max), and a low 50pF 
input capacitance. 
To ensure a conversion 
accurate 
to 12 
bits, the analog source must be able to charge the 50pF and 
settle within the first five clock cycles after a conversion 
is 
initiated. During this time, the input is also very sensitive to 


In many applications, 
a simple passive 
low-pass 
filter as 
shown in Figure lOa can be used to improve signal quality. 
In this case, the source impedance needs to be less than 5kO 
to keep the induced offset errors below 1/2LSB, and to meet 
the acquisition 
time of five clock 
cycles. 
The values 
in 
Figure 
lOa meet these requirements, 
and will maintain 
the 
full power 
bandwidth 
of the system. 
For higher 
source 
impedances, 
a buffer like the one in Figure 
lOb should be 
used. 


The input signal range must not exceed ±VREF or VA by 
more than O.3V. 


The analog inputs are internally clamped to V A' To prevent 
damage to the ADS7803, 
the current that can flow into the 
inputs must be limited to 20mA. One approach 
is to use an 
external resistor in series with the input filter resistor. 
For 
example, a IkO input resistor allows an overvoltage 
to 20V 
without damage. 


A IOIJFtantalum capacitor is recommended 
between VREF+ 


and VREr to insure low source impedance. 
These capaci- 
tors should be located as close as possible to the ADS7803 


CS 
RD 
WR 
SFR 
HBE 
CAl 
BUSY 
OPERATION 


X 
X 
X 
X 
X 
Oil 
X 
Initiates calibration 
cycle. (See SFR section for alternate 
use as Samplel 


Hold Conlrol 
Mode input) 


X 
X 
X 
X 
X 
X 
0 
Conversion 
or calibration 
in process. 
Inhibits new conversion 
from starting. 


1 
X 
X 
X 
X 
1 
X 
None. Outputs in Hi-Z State. 


0 
1 
Oil 
0 
X 
1 
1 
Initiates conversion. 


0 
0 
1 
0 
0 
1 
X 
Low byte conversion 
results output on data bus. 


0 
0 
1 
0 
1 
1 
X 
High byte conversion 
results output on data bus. 


0 
1 
0 
1 
1 
1 
1 
Write to SFR and rising edge on WR initiates conversion. 


0 
0 
1 
1 
1 
1 
X 
Contents of SFR output on data bus. 


0 
1 
0 
1 
0 
1 
X 
Reserved for factory use. 


0 
0 
1 
1 
0 
1 
X 
Reserved for factory use. (Unpredictable 
data on data bus.) 


I 
1 
I 
2: 
I 
11 
I 
12 
I 


~--------------~-------------~ 


(P~~;6) \\\\\\\\\- 
I,. 
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1,,- ,Ir , 
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Convert 


I \\\\\\ 
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ADS7803 
Test 
Output 
Point 
I 
C 
' 


vo~- 
Output 
90% 


Enable 
~ 
I 
I 
0 
Gnd 
I 
10Yo 


Vo 
I 


VOl~ 
-t15- 
-t,4-1 


- 
tAISE~- 


Output 
VO~OO/O 


Enable 
1500/0 


God 
10% 


--t'3-- 


Vo-------- 
\0.8V 


to reduce dynamic errors, since the reference provides pack- 
ets of current 
as the successive 
approximation 
steps are 
carried out. 


VRErT must not exceed VA- Although the accuracy is speci- 
fied with VRErT = 5V and VREr 
= OV, the converter 
can 


function 
with VREF+ as low as 4.5V and VREr 
as high as 


IV. 
As long as there is at least a 4.5V difference between VRErT 
and VREr, 
the absolute 
value of errors does not change 


significantly, so that accuracy will typically be within ±ILSB 


The 
power 
supply 
to the reference 
source 
needs 
to be 


considered 
during 
system 
design 
to prevent 
VRErT 
from 


exceeding 
(or overshooting) 
VA' particularly 
at power-on. 


Also, after power-on, 
if the reference 
is not stable within 


42,425 clock cycles, an additional 
calibration 
cycle may be 


needed. 


POWER 
SUPPLIES 


The digital and analog power supply lines to the ADS7803 
should be bypassed with IOJJFtantalum capacitors 
as close 


to the part as possible. 
Although 
ADS7803 
has excellent 


ADS7803 ~ 
Test 
Output 
Point 


3k!l 
I C, 


Vo---- 
Output 
900/0~ 
Enable 
500;0I I 


Gnd 
_10% 


::--------~ 


l 
-t15-1 
-1'4- 


Output 
Vo 
-~I 
t 


A1SE 1-90-0/0------- 


Enable 
50% 


Gnd 
'_001._0'I 


-t'3-1 


VQH 
~- 
_ 
________ 
/2.4V 
Gnd 
. 


power supply rejection, 
even for higher frequencies, 
linear 
regulated 
power supplies are recommended. 


Care should be taken to insure that VD does not come up 
before 
VA' or permanent 
damage 
to the part may occur. 


Analog 
son 
Input 
~TOADS7803 


5nF 
6VAE, 
(Normally OV) 


(a) Passive 
Low Pass Filter 


A 
I 


~ 


;PA627 
ToADS7803 
na09 
Input 
+ 
C 6VAE, 
(Normally OV) 


(b) Active Low Pass Filter 
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SFR 
V. 


AINO 
AGNO 


AIN1 
CAL 


AIN2 
A1 


AIN3 
AO 


VREF+ 
CLK 


VREr 
BUSY 


OGNO 
HBE 


Vo 
WR 


07 
CS 


06 
AD 


05 
DO 


04 
01 


14 
03 
02 
15 


10a 


Figure II shows a good supply approach, powering both VA 
and Vo from a clean linear supply, with the IOn resistor 
between 
VA and Vo insuring 
that Vo comes up after VA. 


This is also a good method to further isolate the ADS7803 
from digital supplies in a system with significant 
switching 
currents that could degrade the accuracy of conversions. 


GROUNDING 


To maximize 
accuracy 
of the ADS7803, 
the analog 
and 
digital grounds 
are not connected 
internally. 
These points 
should 
have 
very low impedance 
to avoid 
digital 
noise 
feeding back into the analog ground. The VREr pin is used 
as the reference 
point for input signals, 
so it should 
be 
connected directly to AGND to reduce potential noise prob- 
lems. 


EXTERNAL 
CLOCK 
OPERATION 


The circuitry required to drive the ADS7803 
clock from an 
external source is shown in Figure 
12a. The external clock 
must provide 
a 0.8V max for LOW and a 3.5V min for 


1 
74HC-Compatib'e 
Clock Source 


See Typical 
Performance 
Curves 
for R Values 
vs Frequency 


HIGH, with rise and fall times that do not exceed 200ns. The 
duty cycle of the external clock can vary as long as the LOW 
time and HIGH time are each at least 200ns wide. Synchro- 
nizing the conversion 
clock to an external 
system clock is 
recommended 
in microprocessor 
applications 
to prevent 
beat-frequency 
problems. 


Note that the electrical 
specification 
tables 
are based 
on 
using 
an external 
2MHz 
clock. 
Typically, 
the specified 
accuracy 
is maintained 
for clock frequencies 
between 
0.5 
and 2.4MHz. 


Figure 
12b shows how to use the internal clock generating 
circuitry. The clock frequency 
depends only on the value of 
the resistor, 
as shown 
in "Internal 
Clock 
Frequency 
vs 


RCLOCK" 
in the Typical Performance 
Curves section. 


The clock generator can operate between IOOkHzand 2MHz. 
With R = lOOkn, the clock frequency 
will nominally 
be 
800kHz. 
The internal clock oscillators 
may vary by up to 
20% from device to device, and will vary with temperature, 
as shown in the typical performance 
curves. Therefore, 
use 
of an external clock source is preferred in applications 
where 
control of the conversion timing is critical, or where multiple 
converters 
need to be synchronized. 


Figure 
13 shows a circuit to accurately 
and simply convert 
a bipolar ±5V input signal into a unipolar 0 to 5V signal for 
conversion 
by the ADS7803, 
using a precision, 
low-cost 
complete difference 
amplifier, 
INA105. 
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Figure 
14 shows a circuit to convert a bipolar ±10V input 


signal into a unipolar 0 to SV signal for conversion 
by the 
ADS7803. 
The precision 
of this circuit will depend on the 
matching 
and tracking of the three resistors used. 


To trim this circuit for full 12-bit precision, R2 and R3 need 
to be adjustable over appropriate 
ranges. To trim, first have 
the ADS7803 
converting 
continually 
and apply +9.9927V 
(+ JOV - l.SLSB) at the input. Adjust R3 until the ADS7803 
output toggles 
between 
the codes FFE hex and FFF hex. 


This makes R3 extremely close to R1• Then, apply -9.9976V 
(-JOV 
+ O.SLSB) at the input, 
and adjust 
R2 until the 
ADS7803 
output toggles between 000 hex and 00 I hex. At 
each trim point, the current through the third resistor will be 
almost zero, so that one trim iteration will be enough in most 
cases. More iterations 
may be required 
if the op amp se- 
lected has large offset voltage or bias currents, or if the +SV 
reference 
is not precise. 


This circuit can also be used to adjust gain and offset errors 
due to the components 
preceding the ADS7803, to match the 
performance 
of the self-calibration 
provided 
by the con- 
verter. 


INTERFACING 
TO 
MOTOROLA 
MICROPROCESSORS 


Figure 15 show a typical interface to Motorola microproces- 
sors, while Figure 16 shows how the result can be placed in 
register DO. 


Conversion 
is initiated by a write instruction decoded by the 


address decoder logic, with the lower two bits of the address 
bus selecting an ADC input channel, as follows: 


MOVE.W 
DO, ADC-ADDRESS 


The result of the conversion 
is read from the data bus by a 


read instruction 
to ADC-ADDRESS 
as follows: 


ADS7803 


DO· 07 


A1 


AO 


MOVEP.W 
$000 (ADC-ADDRESS), 
DO 


This puts the l2-bit conversion 
result in the DO register, as 


shown in Figure 
15. The address decoder 
must pull down 
ADC_CS AT ADC-ADDRESS 
to access the Low byte and 
ADC-ADDRESS 
+2 to access the High byte. 


INTERFACING 
TO INTEL MICROPROCESSORS 


Figure 17 shows a typical interface to Intel. 


A conversion 
is initiated 
by write instruction 
to address 


ADC_CS. 
Data pins DOO and DOl 
select the analog input 
channel. The BUSY signal can be used to generate a micro- 
processor interrupt (INT) when the conversion 
is completed. 


A read instruction 
from the ADC_CS 
address 
fetches 
the 
Low byte, and a read instruction from the ADC_CS address 
+2 fetches the High byte. 


Intel 
Microprocessor 
Based 
Systems 


8085 
8086/88 
80186/188 
80286 
8031 
8051 
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DEMO BOARD 
AVAilABLE 
See Appendix 
A 


12-Bit 10Jls Sampling 
CMOS 
ANALOG-to-DIGITAL 
CONVERTER 


• 
100kHz 
min SAMPLING 
RATE 


• 
STANDARD 
±10V INPUT RANGE 


• 
72dB min SINAD WITH 45kHz INPUT 


• 
±O.45 lSB 
max INl 


• 
DNl: 
12 Bits "No Missing 
Codes" 


• 
SINGLE 
+5V SUPPLY 
OPERATION 


• 
PIN-COMPATIBLE 
WITH 16-BIT ADS7805 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
COMPLETE 
WITH S/H, 
REF, CLOCK, 
ETC. 


• 
FUll 
PARAllEL 
DATA OUTPUT 


• 
100mW 
max POWER 
DISSIPATION 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


The ADS7804 
is a complete 
l2-bit 
sampling 
AID 
using state-of-the-art 
CMOS structures. 
It contains 
a 
complete 
l2-bit, capacitor-based, 
SAR AID with S/H, 
reference, clock, interface for microprocessor 
use, and 
three-state 
output drivers. 


The ADS7804 
is specified at a 100kHz sampling rate, 


and guaranteed over the full temperature 
range. Laser- 
trimmed 
scaling 
resistors 
provide 
an 
industry- 
standard ±lOV input range, while the innovative 
de- 
sign allows operation from a single +5V supply, with 
power dissipation 
under loomW. 


The 28-pin ADS7804 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C 
to +85°C range. 


-RiG 
-cs 
-BYTE 
BUSY 


Output 


Latches 
and 
Three 
State 
Drivers 


Three 
State 
Parallel 
Data 
Bus 
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ADS7804P. 
U 
ADS7804PB. 
UB 
lII::t 


UNITS 
0 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
CO 
RESOLUTION 
12 
Bits 
I"'- 


ANALOG 
INPUT 
CJ) 


Voltage Ranges 
±10V 
V 
C 


Impedance 
23 
kU 
« 


Capacitance 
35 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
5.7 
8 
~s 
Complete 
Cycle 
Acquire and Convert 
10 
~ 
Throughput 
Rate 
100 
kHz 


DC ACCURACY 
en 


Integral Linearity Error 
±0.9 
±0.45 
LSB(1) 
~ 


Differential 
Linearity Error 
±0.9 
±0.45 
LSB 
Z 


No Missing Codes 
Guaranteed 
Bits 
W 
Transition 
Noise(2) 
0.1 
LSB 
Z 
Full Scale Error(3,") 
±0.5 
±0.25 
% 
0 
Full Scale Error Drift 
±7 
±5 
ppml"C 
D.. 


Full Scale Error<3,.4) 
Ext. 2.5QOOV Ref 
±0.5 
±0.25 
% 


Full Scale Error Drift 
Ext. 2.5000V Ref 
±2 
ppml"C 
:= 
Bipolar 
Zero 
Error(3) 
±10 
±10 
mV 
0 
Bipolar Zero Error Drift 
±2 
ppmf'C 
0 
Power Supply Sensitivity 
+4.75V 
< Vo < +S.25V 
±0.5 
LSB 


(Vo", = VANA = Vol 
Z 


AC ACCURACY 
0 


Spurious-Free 
Dynamic 
Range 
fiN"" 
45kHz 
80 
dB(') 
i= 
Total Harmonic 
Distortion 
fiN = 45kHz 
-80 
dB 
en 
Signal-to-(Noise+Oistortion) 
fiN:::: 
45kHz 
70 
72 
dB 
Signal·to·Noise 
fiN = 45kHz 
70 
72 
dB 
~ 
Full-Power 
Bandwidth(6l 
250 
kHz 
0 
SAMPLING 
DYNAMICS 
0 


Aperture 
Delay 
40 
ns 
c( 


Aperture Jitter 
Sufficient to meet AC specs 


~ 


Transient 
Response 
FS Step 
2 
~s 
Overvoltage 
Recovery(7) 
150 
ns 


REFERENCE 
<c 


Internal Reference 
Voltage 
2.48 
2.5 
2.52 
V 
C 


Internal Reference 
Source Current 
1 
~ 
en 


(Must use external buffer.) 
a:: 
Internal Reference 
Drift 
8 
ppml"C 


External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
W 


for Specified 
Linearity 
~ 


External Reference 
Current Drain 
Ext. 2.5000V 
Ret 
100 
~ 
a:: 


DIGITAL 
INPUTS 
W 


Logic Levels 
> 


VIL 
-j).3 
+0.8 
V 
Z 


V,H 
+2.0 
Vo +0.3V 
V 
0 


III 
±10 
~ 
0 


I'H 
±10 
~A 
C 
DIGITAL 
OUTPUTS 
< 
Data Format 
Parallel 12 bits 
Data Coding 
Binary Two's Complement 


VOl 
ISINK = 1.6mA 
+0.4 
V 
VOH 
ISOURCE 
= 500~ 
+4 
V 


Leakage Current 
High·Z State, 
±5 
~A 


Vour = OV to VOIG 


Output Capacitance 
Hlgh·Z State 
15 
15 
pF 


DIGITAL 
TIMING 
Bus Access Time 
83 
ns 


Bus Relinquish 
Time 
83 
ns 


The information 
provided 
herein is believed to be reliable: however, 
BURR·BROWN 
assumes 
no responsibility 
for 
inaccuraciQG 
or omissiono. 
aURR-BROWN 


assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


ADS7804P, 
U 
ADS7804PB, 
UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLIES 
Specified 
Performance 
VOIG 
Must be ~ VANA 
+4.75 
+5 
+5.25 
V 


VANA 
+4.75 
+5 
+5.25 
V 


+lolG 
0.3 
mA 


+IANA 
16 
mA 


Power Dissipation 
Is = 100kHz 
100 
mW 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
·C 


Derated Performance 
-55 
+125 
"C 


Storage 
-65 
+150 
OC 


Thermal 
Resistance 
(8JA) 


Plaslic DIP 
75 
·CIW 


SOIC 
75 
·CIW 


NOTES: 
(1) LSB means Least Signilicant 
Bit. For the 12-bit, ±10V input ADS7804, 
one LSB is 4.88mV. 
(2) Typical 
rms noise at worst case transitions 
and 
temperatures. 
(3) As measured with fixed resistors shown in Figure 4. Adjustable to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +FuU Scale untrimmed deviation from ideal first and last code transitions. divided by the transition voltage (not divided by the full-scale range) and includes 
the effect of offset error. (5) All specifications 
in dB are referred to a full-scale ±10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which 
Signal-to-(Noise 
+ Distortion) degrades to 6Od8, or 10 bits of accuracy. 
(7) Recovers to specified perlormance 
after 2 x FS input overvoltage. 


Analog Inputs: V,•............................................................................. 
±25V 


CAP 
+V ANA +O.3V to AGND2 ~.3V 


REF 
. 
Ind.linite 
Short to AGND2 


Momentary 
Short to VANA 
Ground Voltage Differences: 
DGND, 
AGND1, AGND2 
±0.3V 
VANA 
•••••••••.••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••• 
7V 
VOIG to VANA 
• 
••.•••••••••••••••••••••••••••••••••••••••• 
+0.3V 


V01G 
••.•••••••••••••••••••••.••.••••••••••••.••.•••••••••••••.••.•••••••••••••••••••.•••••• 
7V 
Digital Inputs 
_ 
_-o.3V 
to +VOIG +0.3V 


Maximum Junction Temperature 
+165°C 


Internal Power Dissipation.. 
. 
825mW 


Lead Temperature 
(soldering, 
10s) 
+300°C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 


performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


ADS7804P 
Plastic DIP 
246 
ADS7804PB 
Plastic DIP 
246 
ADS7804U 
SOIC 
217 
ADS7804UB 
SOIC 
217 


MINIMUM 
SIGNAl-TO- 
MAXIMUM 
(NOISE + 
SPECIFICATION 
LINEARITY 
DISTORTtON) 
TEMPERATURE 
MODEL 
ERROR (LSB) 
RATIO (dB) 
RANGE 
PACKAGE 


ADS7804P 
±o.g 
70 
-40·C 
to +85·C 
Plastic DIP 


ADS7804PB 
±0.45 
72 
-40·C 
to +85·C 
Plastic DIP 


ADS7804U 
±O.g 
70 
-40·C 
to +85·C 
SOIC 
ADS7804UB 
±0.45 
72 
-40·C 
to +85·C 
SOIC 
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V,N 


AGND1 


REF 


4 
CAP 


5 
AGND2 


6 
015 (MSB) 


7 
014 


8 
013 


9 
012 


10 
011 


11 
010 


12 
09 
13 
08 


14 
DGND 


15 
07 


16 
06 


17 
05 


18 
04 


19 
03 


20 
02 


21 
01 


22 
DO (LSB) 


23 
BYTE 


24 
RIG 


25 
CS 


26 
BUSY 


DIGITAL 
VO 
DESCRIPTION 


Analog Input. See Figure 7. 


Analog 
Ground. 
Used internally 
as ground reference 
point. 


Reference 
InpuVOutput. 2.2~F tantalum capacitor to ground. 


Reference 
Buffer Capacitor. 
2.21lF tantalum 
capacitor 
to ground. 


Analog Ground. 


Data Bit 11. Most Significant 
Bit (MSB) 
of conversion 
results. 
Hi-Z state when CS is HIGH. 
or when Rie is LOW. 


Data Bit 10. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 9. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 8. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 7. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 6. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 5. Hi-Z state when CS is HIGH, or when Ale is LOW. 


Data Bit 4. Hi-Z state when CS is HIGH, or when RlC is LOW. 


Digital Ground. 


Data Bit 3. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 2. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 1. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit O. Lease 
Significant 
Bit (LSB) 
of conversion 
results. Hi-Z state when CS is HIGH, 
or when 
Rle-is LOW. 


LOW when CS LOW, RIG HIGH. Hi-Z slate when CS is HIGH, or when RIG is LOW. 


LOW when CS LOW, RIG HIGH. Hi-Z state when CS is HIGH, or when RIG is LOW. 


LOW when CS LOW, RIG HIGH. Hi-Z state when CS is HIGH, or when RIG is LOW. 


LOW when CS LOW, RIG HIGH. Hi-Z stale when CS is HIGH, or when RIG is LOW. 


Seleets 8 most significant 
bits (LOW) or 8 least significant 
bits (HIGH). 


With CS LOW and BUSY HIGH, a Falling Edge on RIG Initiates a New Conversion. 
With CS LOW, a rising edge on RIG 
enables the parallel output. 


Internally OR'd 
with RlC. If Rie LOW, 
a falling edge on CS initiates a new conversion. 


At the start of a conversion, 
BUSY 
goes LOW and stays LOW 
until the conversion 
is completed 
and the digital outputs 
have been updated. 


Analog Supply 
Input. Nominally 
+5V. 
Decouple 
to ground with O.1~F ceramic 
and 
1OJ..lF tantalum 
capacitors. 


Digital Supply 
Input. Nominally 
+5V. 
Connect 
directly to pin 27. Must be ~ VANA- 


28 
VOIG 


V""" 


BUSY 


CS 


RIG 


BYTE 


DZ 


ADS7804 
DZ 


DZ 


DZ 


DO (LSB) 


01 


02 


15 
03 
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Figure 1 shows a basic circuit to operate the ADS7804 with 
a full parallel data output. Taking R!C (pin 24) LOW for a 
minimum 
of 40ns 
(6J.lS max) 
will 
initiate 
a conversion. 


BUSY 
(pin 26) will go LOW 
and stay LOW 
until 
the 


conversion 
is completed 
and the output 
registers 
are up- 
dated. Data will be output 
in Binary Two's 
Complement 


with the MSB on pin 6. BUSY going HIGH can be used to 
latch the data. All convert commands 
will be ignored while 
BUSY is LOW. 


The ADS7804 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
10J.lSbetween 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The combination 
of CS (pin 25) and R/C (pin 24) LOW for 


a minimum of 40ns immediately 
puts the sample/hold 
of the 


ADS7804 in the hold state and starts conversion 
'n'. BUSY 


(pin 26) will go LOW and stay LOW until conversion 
'n' is 
completed 
and the internal output register has been updated. 
All new convert 
commands 
during 
BUSY 
LOW 
will be 
ignored. CS and/or R/C must go HIGH before BUSY goes 
HIGH or a new conversion 
will be initiated 
without suffi- 
cient time to acquire a new signal. 


The ADS7804 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
10J.lSbetween 
convert 
com- 
mands assures accurate acquisition of a new signal. Refer to 


CS and R/C are internally 
OR'd and level triggered. 
There 
is not a requirement 
which 
input goes LOW 
first when 
initiating a conversion. 
If, however, 
it is critical that CS or 
R/C initiates conversion 
'n', be sure the less critical input is 


LOW at least IOns prior to the initiating 
input. 


To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. This will 
have no effect when using the internal data clock in the serial 
output 
mode. 
However, 
the parallel 
output 
will become 
active 
whenever 
R/C goes HIGH. 
Refer 
to the Reading 
Data 
section. 


CS 
RlC 
BUSY 
OPERATION 


1 
X 
X 
None. Oatabus is in Hi·Z state. 
~ 
0 
1 
Initiates conversion 
"n~. Databus remains 


in Hi-Z state. 


0 
~ 
1 
Initiates conversion 
"OR. 
Databus enters Hi-Z 
state. 


0 
1 
T 
Conversion 
"n" completed. 
Valid data from 
conversion 
"0" on the databus. 
~ 
1 
1 
Enables databus with valid data from 
conversion 
"0". 
~ 
1 
0 
Enables databus with valid data from 
conversion 
"0·1"(1). Conversion 
n in process. 


0 
T 
0 
Enables databus with valid data from 
conversion 
"n- t -{1l. Conversion 
"n" in process. 


0 
0 
T 
New conversion 
initiated without acquisition 
of a new signal. Data will be invalid. CS and/or 
RIG must be HIGH when BUSY goes HIGH. 


X 
X 
0 
New convert commands 
ignored. Conversion 
un" in process. 


NOTE: 
(1) See 
Figures 2 and 3 for constraints on data valid from 


conversion 
"n-1". 


Convert Pulse 


615 (MS6) 
LJ 


614 
60 (LS6) 
1-1 


40n5 min 
ADS7804 
6IJs max 


613 
61 


612 
62 


611 
63 


610 
64 


69 
65 


68 
66 


67 
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The ADS7804 
outputs full or byte-reading 
parallel data in 


Binary Two's 
Complement 
data output format. The parallel 


output will be active when RiE. (pin 24) is HIGH and CS 
(pin 25) is LOW. Any other combination 
of CS and RiE. will 
tri-state 
the parallel 
output. Valid conversion 
data can be 


read in a full parallel, 12-bit word or two 8-bit bytes on pins 
6-13 and pins 15-22. BYTE (pin 23) can be toggled to read 
both bytes within one conversion 
cycle. Refer to Table III 


for ideal output codes and Figure 2 for bit locations relative 
to the state of BYTE. 


DIGITAL 
OUTPUT 
BINARY TWO'S 
COMPLEMENT 


DESCRIPTION 
ANALOG 
INPUT 
BINARY 
CODE 
HEX CODE 


Full Scale Range 
±10V 


Least Significant 
4.88mV 
Bit (LSB) 


+Full Scare 
9.99512V 
011111111111 
7FF 


(10V - 
lLSB) 


Midscale 
OV 
0000 0000 0000 
000 


One LSB below 
-4.88mV 
111111111111 
FFF 


Midscale 


-Full 
Scale 
-10V 
1000 0000 0000 
800 


PARALLEL 
OUTPUT 
(After 
a Conversion) 


After conversion 
'n' 
is completed 
and the output registers 


have been updated, BUSY (pin 26) will go HIGH. Valid data 
from conversion 
'n' will be available on DII-DO 
(pin 6-13 


and 15-18 when BYTE is LOW). BUSY going HIGH can be 
used to latch the data. Refer to Table IV and Figures 3 and 
5 for timing specifications. 


PARALLEL 
OUTPUT 
(During 
a Conversion) 


After 
conversion 
'n' 
has been 
initiated, 
valid 
data 
from 
conversion 
'n-I' 
can be read and will be valid up to 161JS 


after the start of conversion 
'n'. Do not attempt to read data 
from 161JSafter the start of conversion 
'n' until BUSY (pin 
26) goes HIGH; 
this may result 
in reading 
invalid 
data. 


Refer to Table IV and Figures 3 and 5 for timing specifica- 
tions. 


Note! For the best possible performance, 
data should not be 
read during a conversion. 
The switching 
noise of the asyn- 
chronous data transfer can cause digital feed through degrad- ~ 
ing the converter's 
performance. 
••• 


The number of control 
lines can be reduced 
by tieing CS 
LOW while using Ric to initiate conversions 
and activate 


the output mode of the converter. 
See Figure 3. 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


I, 
Convert Pulse Width 
40 
6000 
ns 


t, 
Data Valid Delay aner RiG LOW 
8 
~s 


t, 
BUSY Delay from RiG LOW 
65 
ns 
I, 
BUSY LOW 
8 
~s 


I, 
BUSY Delay aner 
220 
ns 


End of Conversion 


t,; 
Aperture 
Delay 
40 
ns 


t, 
Conversion 
Time 
7.6 
8 
~s 


te 
Acquisition 
Time 
2 
~s 


19 
Bus Relinquish 
Tk!l8 
10 
35 
83 
ns 


t,o 
BUSY Delay aner Data Valid 
50 
200 
ns 


t" 
Previous Data Valid 
7.4 
~s 


aner RiG LOW 


1,+ t,; 
Throughput 
Time 
9 
10 
~s 


t" 
RiG to CS Setup Time 
10 
ns 


t13 
Time Between Conversions 
10 
~s 


t" 
Bus Access Time 
10 
83 
ns 
and BYTE Delay 
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-t,- 
--~\ __,~---~LJ 
\---t4 
\~-- 


--I,; 


MODE ======A=cq=U=ire=====~X 
c_o_nv_ert 
c_on_ve_rt 
_ 


-1'2 
- 
1-112 


1lllllllllllU 


I 


-1, 


BUSy----\ 


-,-I,; 
I 


MODE -A-cq-U-ire-X======c=o=nv=e=rt=====X=========A=cq=U=ir=. ============= 


DATABUS 
Hi-ZStale 
XI 
Data ,valid 
X Hi-ZState 
---------------_--t'l 
_ 
1 


1..--tg=1 


-- 
-112 


FVC l111D; 


CS ---x~ 
~/ 


112- 
-- 
\\\\\\\\ 


Pins 6 - 13 _Hi_-Z__ x:i£~ 
LowByte X__ 
Hi_-Z_ 


-- 
--114 
-- 
-I,. 
-- -tg 


Pins 15 -22 
-H-i-Z-~~~ 
HighByte X 
Hi-Z 
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INPUT 
RANGES 


The ADS7804 offers a standard ±10V input range. Figure 6 
shows the necessary 
circuit connections 
for the ADS7804 
with and without hardware trim. Offset and full scale errofll 
specifications 
are tested and guaranteed with the fixed resis- 
tors shown in Figure 6b. Adjustments 
for offset and gain are 
described 
in the Calibration 
section of this data sheet. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The 
nominal 
input impedance 
of 23Jcn results 
from the 
combination 
of the internal resistor network 
shown on the 
front page of the product data sheet and the external resistors. 
The input resistor divider network provides inherent overvolt- 
age protection guaranteed to at least ±25V. The I% resistors 
used for the external circuitry do not compromise the accuracy 
or drift of the converter. They have little influence relative to 
the internal resistors, and tighter tolerances are not required. 


NOTE: (1) Full scale error includes offset and gain errors measured at both +FS 


and -FS. 


The ADS7804 can be trimmed in hardware or software. The 
offset should be trimmed 
before the gain since the offset 
directly affects the gain. To achieve optimum performance, 
several iterations may be required. 


HARDWARE 
CALIBRATION 


To calibrate the offset and gain of the ADS7804, 
install the 


proper resistors and potentiometers as shown in Figure 6a. The 
calibration range is ± 15mV for the offset and ±6OmV for the 
gain. 


±lOV With Hardware 
Trim 


SOFTWARE 
CALIBRATION 


To calibrate the offset and gain of the ADS7804 in software, 
no external resistors are required. 
See the No Calibration 
section for details on the effects of the external resistors. Refer 
to Table V for range of offset and gain errors with and without 
external resistors. 


See Figure 6b for circuit connections. 
The external resistors 
shown in Figure 6b may not be necessary 
in some applica- 
tions. These resistors provide compensation 
for an internal 
2 


adjustment 
of the offset and gain which allows calibration 
with a single supply. The nominal transfer function of the 
ADS7804 will be bound by the shaded region seen in Figure 
7 with a typical offset of -30m V and a typical gain error of 
-1.5%. 
Refer to Table V for range of offset and gain errors 
with and without external resistors. 


WITH 
WITHOUT 


EXTERNAL 
EXTERNAL 


RESISTORS 
RESISTORS 
UNITS 


BPZ 
-10 
< BPZ < 10 
-45 
< BPZ < 5 
mV 
-2 < BPZ < 2 
-a < BPZ < 1 
LSBs 


Gain 
-0.5 
< error < 0.5 
-0.6 < error 
< -0.55 
% of FSR 


Error 
-0.25 
< error < 0.25(1) 
-0.45 
< error < -0.3(1) 


NOTE: (1) High Grade. 


TABLE 
VII. Bipolar 
Offset 
and Gain 
Errors 
With 
and 
Without External Resistors. 


±lOV Without 
Hardware 
Trim 
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/ 
/ 
/ 
/ 


The ADS7804 can operate with its internal 2.5V reference or 
an external reference. 
By applying an external reference 
to 
pin 5, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output on CAP 
(pin 4). 


The internal reference 
has an 8 ppm;oC drift (typical) and 
accounts 
for approximately 
20% 
of the full scale 
error 
(FSE = ±O.5% for low grade, ±O.25% for high grade). 


REF (pin 3) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2W capacitor should be 
connected as close to the REF pin as possible. The capacitor 
and the output resistance 
of REF create a low pass filter to 
bandlimit 
noise 
on the reference. 
Using 
a smaller 
value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. 


The range for the external 
reference 
is 2.3V to 2.7V and 
determines 
the actual 
LSB size. Increasing 
the reference 
voltage will increase the full scale range and the LSB size of 
the converter 
which can improve the SNR. 


/ 
/ 
/ 
/ 
/ 


Ideal 
Transfer 
Function 


With 
External 
Resistors 


Range 
01 T ransler 
Function 


Without 
External 
Resistors 


CAP 


CAP (pin 4) is the output of the internal reference buffer. A 
2.2W capacitor should be placed as close to the CAP pin as 
possible 
to provide 
optimum 
switching 
currents 
for the 
CDAC throughout 
the conversion 
cycle and compensation 
for the output of the internal buffer. Using a capacitor 
any 
smaller than IW can cause the output buffer to oscillate and 
may not have sufficient 
charge for the CDAC. 
Capacitor 
values larger than 2.2W will have little affect on improving 
performance. 


The output of the buffer is capable of driving up to 2mA of 
current to a DC load. DC loads requiring more than 2mA of 
current from the CAP pin will begin to degrade the linearity 
of the ADS7804. 
Using an external 
buffer will allow the 
internal reference 
to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with :he 
output voltage on CAP. This will cause performance 
degra- 
dation of the converter. 
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POWER 


For optimum performance, 
tie the analog and digital power 
pins to the same +SV power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the ADS7804 
uses 90% of its power for the analog 
circuitry. The ADS7804 
should be considered 
as an analog 
component. 


The +SV power for the AID should be separate from the +SV 
used for the system's 
digital logic. Connecting 
VDIG (pin 28) 


directly to a digital supply can reduce converter performance 
due to switching 
noise 
from 
the digital 
logic. 
For best 
performance, 
the +SV supply can be produced 
from what- 
ever analog supply is used for the rest of the analog signal 
conditioning. 
If +12Vor 
+ISV supplies are present, a simple 
+SV regulator can be used. Although 
it is not suggested, 
if 
the digital supply must be used to power the converter, 
be 


sure to properly 
filter the supply. 
Either 
using a filtered 
digital supply or a regulated 
analog supply, both VDIG and 
VANA should be tied to the same +SV source. 


GROUNDING 


Three ground pins are present on the ADS7804. 
DGND is 


the digital 
supply 
ground. 
AGND2 
is the analog 
supply 
ground. 
AGNDI 
is the ground 
which 
all analog 
signals 
internal to the AID are referenced. 
AGNDI 
is more suscep- 
tible to current induced voltage drops and must have the path 
of least resistance 
back to the power supply. 


All the ground pins of the AID should be tied to the analog 
ground 
plane, 
separated 
from the system's 
digital 
logic 
ground, to achieve optimum performance. 
Both analog and 
digital ground planes should be tied to the "system" 
ground 
as near to the power 
supplies 
as possible. 
This helps to 
prevent 
dynamic 
digital ground 
currents 
from modulating 


the analog ground through a common 
impedance 
to power 
ground. 


The FET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 


PET switch on the ADS7804, compared to the PET switches 
on other CMOS 
AID converters, 
releases 
S%-IO% of the 


charge. There is also a resistive front end which attenuates 
any charge which is released. The end result is a minimal 
requirement 
for the anti-alias filter on the front end. Any op 


amp 
sufficient 
for the 
signal 
in an application 
will 
be 
sufficient to drive the ADS7804. 


The resistive 
front end of the ADS7804 
also providesa-- 


guaranteed ±2SV overvoltage 
protection. 
In most cases, this ~ 


eliminates 
the need for external input protection 
circuitry. 


INTERMEDIATE 
LATCHES 


The ADS7804 
does have tri-state 
outputs 
for the parallel 
port, but intermediate 
latches should be used if the bus will 
be active during conversions. 
If the bus is not active during 


conversion, 
the tri-state outputs can be used to isolate the 


AID 
from 
other 
peripherals 
on the 
same 
bus. 
Tri-state 


outputs can also be used when the AID is the only peripheral 
on the data bus. 


Intermediate 
latches are beneficial 
on any monolithic 
AID 
converter. The ADS7804 has an internal LSB size of6101lV. 
Transients 
from fast switching 
signals on the parallel port, 


even when the AID is tri-stated, can be coupled through the 
substrate 
to the analog 
circuitry 
causing 
degradation 
of 


converter performance. 
The effects of this phenomenon 
will 
be more obvious when using the pin-compatible 
ADS780S 


or any of the other l6-bitconverters 
in the ADS Family. This 


is due to the smaller internal LSB size of 381lV. 


Call factory for updated data sheet which includes standard 
DSP, microprocessor, 
and microcontroller 
interfaces. 
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DEMO BOARD 
AVAILABLE 
See Appendix 
A 


16-Bit 10~s Sampling 
CMOS 
ANALOG-to-DIGITAL 
CONVERTER 


• 
100kHz min SAMPLING 
RATE 


• 
STANDARD 
±10V INPUT RANGE 


• 
86dB min SINAD WITH 20kHz INPUT 


• 
±3.0 LSB max INL 


• 
DNL: 16-bits 
"No Missing 
Codes" 


• 
SINGLE 
+SV SUPPLY 
OPERATION 


• 
PIN-COMPATIBLE 
WITH 12-BIT ADS7804 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
FULL PARALLEL 
DATA OUTPUT 


• 
100mW 
max POWER DISSIPATION 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


The ADS780S 
is a complete 
16-bit sampling 
AID 
using state-of-the-art 
CMOS structures. 
It contains 
a 
complete 
16-bit, capacitor-based, 
SAR AID with SIH, 


reference, clock, interface for microprocessor 
use, and 
three-state 
output drivers. 


The ADS780S is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature 
range. Laser- 
trimmed 
scaling 
resistors 
provide 
an 
industry- 
standard ±IOV input range, while the innovative 
de- 
sign allows operation from a single +SV supply, with 
power dissipation 
under lOOmW. 


The 28-pin ADS780S is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial 
-2SoC to +8SoC range. 


RiC 
cs 
-BYTE 


BUSY 


Output 
Latches 
and 
Three 
State 
Drivers 


Three 
State 
Parallel 
Data 
Bus 


BURR-BROWNe 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ADS7805P. 
U 
ADS7805PB. 
UB 
it) 


MAX 
UNITS 
0 
PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
co 
RESOLUTION 
16 
Bits 
l'- 


ANALOG 
INPUT 
U) 


Vo~age Ranges 
±10V 
V 
C 


Impedance 
23 
ill 
<C 


Capacitance 
35 
pF 


THROUGHPUT 
SPEED 
Conversion 
Cycle 
Acquire and Convert 
10 
~ 
Throughput 
Rate 
100 
kHz 


DC ACCURACY 
Integral Linearity Error 
±4 
±3 
LSBI') 
en 
No Missing Codes 
15 
16 
Bits 
l- 


Transition 
Noise(2) 
1.3 
LSB 
Z 
Full Scale Error<3.4) 
±0.5 
±0.25 
% 
W 
Full Scale Error Drift 
±7 
±5 
ppml"C 
Z 
Full Scale Erro~3.') 
Ext 
2.5000V Ref 
±0.5 
±0.25 
% 
0 
Full Scale Error Drift 
Ext. 2.5000V Ref 
±2 
ppml"C 
Q. 


Bipolar Zero Error(3) 
±10 
mV 
:lE 
Bipolar Zero Error Drift 
±2 
ppml"C 
Power Supply Sensitivity 
+4.75V 
< Vo < +S.25V 
±8 
LSB 
0 


(VOIG: 
VAm= 
Vo) 
0 
AC ACCURACY 
Z 
Spurious-Free 
Dynamic Range 
fiN= 20kHz 
90 
94 
dBIS) 
0 
Total Harmonic 
Distortion 
fiN= 20kHz 
-90 
-94 
dB 
Signal-to-(Noise+Oistortion) 
fiN"" 
20kHz 
\ 
83 
86 
dB 
i= 
~OdB 
Input 
30 
32 
dB 
en 
Signal-la-Noise 
fiN:: 
20kHz 
B3 
86 
dB 
Full-Power 
Bandwidthl") 
250 
kHz 
~ 
SAMPLING 
DYNAMICS 
0 
Aperture 
Delay 
40 
ns 
0 
Transient 
Response 
FS Step 
2 
~ 
c( 
Overvoltage 
Recovery(7) 
150 
ns 
~ 
REFERENCE 
Internal Reference 
Voltage 
2.48 
2.5 
2.52 
V 
~ 
Internal Reference 
Source Current 
1 
~A 
C 
(Must use external buffer.) 


Internal Reference 
Drift 
8 
ppml"C 
en 
External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
~ 
for Specified 
Linearity 
External Reference 
Current Drain 
Ext. 2.5000V Ref 
100 
~A 
W 
I-- 


DIGITAL 
INPUTS 
~ 
Logic Levels 
W 
Vil 
-0.3 
+0.8 
V 
> 
V,H 
+2.0 
Vo+0.3V 
V 
Z 
I'L 
±10 
~A 


I'H 
±10 
~A 
0 


DIGITAL 
OUTPUTS 
Parallel 16-bits 
0 


Data Format 
Binary Two's Complement 
C 
Data Coding 
~ 
Vex. 
ISINK = 1.6mA 
+0.4 
V 
VOH 
ISOURCE= 500~ 
+4 
~ 
V 
Leakage Current 
High-Z State, 
±5 
~A 


Vour'" 
OV to VOIG 


Output Capacitance 
High-Z State 
15 
15 
pF 


DIGITAL 
TIMING 
Bus Access Time 
83 
ns 
Bus Relinquish 
Time 
83 
ns 


The information 
provided 
herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 


assumes no responsibility 
for the use of this information, and all use of .:such information shall be entirely at the user'S own rtsk. Prices and specifications 
are sUbject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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ADS7805P, 
U 
ADS7805PB, 
UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLIES 
Specified 
Performance 


Vo" 
Must be s: VANA 
+4.75 
+5 
+5.25 
V 


VANA 
+4.75 
+5 
+5.25 
V 


IOIG 
0.3 
mA 


IANA 
16 
mA 


Power Dissipation 
fs = 100kHz 
100 
mW 


TEMPERATURE 
RANGE 
Specified 
Performance 
-25 
+85 
·C 


Derated Performance 
-55 
+125 
·C 


Storage 
-65 
+150 
·C 


Thermal Resistance 
(8J,J 


Plastic DIP 
75 
·CIW 
SOIC 
75 
·CIW 


NOTES: 
(1) LSB means 
Least Significant 
Bit. For the 16·bit, ±10V input ADS7805, 
one LSB is 3051lV. (2) Typical 
rms noise al worst case transitions 
and 
temperatures. 
(3) As measured with fixed resistors shown in Figure 4. Adjustab e to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes 
the effect of offset error. (5) All specifications 
in dB are referred to a full-scale ±1 OV input. (6) Full-Power Bandwidth defined as Full-Scale input frequency 
at which 
Signal-to-(Noise 
+ Distortion) 
degrades to 60dS, or 10 bits of accuracy. 
(7) Recovers to specified performance 
after 2 x FS input overvoltage. 


Analog Inputs: V,N 
. 
±25V 


CAP 
+V ANA +O.3V to AGND2 -o.3V 
REF 
.... Indefinite Short to AGND2, 


Momentary Short to VANA 
Ground Voltage Differences: 
DGND, 
AGND1, AGND2 
±0.3V 


~ 
~.N 
V01G to VANA 
•••••••••••.••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
+0.3V 


V01G 
..•. 
7V 
Digital Inputs 
-o.3V 
to +VOIG +0.3V 
Maximum Junction Temperature. 
. 
+165°C 
Internal Power Dissipation 
825mW 
Lead Temperature 
(soldering, 
10s).. 
. 
+300·C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


ADS7805P 
Plastic DIP 
246 
ADS7805PB 
Plastic DIP 
246 
ADS7805U 
SOIC 
217 
ADS7805UB 
SOIC 
217 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 
Brown Corporation 
recommends 
that all integrated 
circuits 


be handled 
and stored 
using 
appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision 
integrated circuits 


may be more 
susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


MINIMUM 


SIGNAL-TO- 


MAXIMUM 
(NOISE + 
SPECIFICATION 
LINEARITY 
DISTORTION) 
TEMPERATURE 
MODEL 
ERROR (LSB) 
RATIO (dB) 
RANGE 
PACKAGE 


ADS7805P 
±4 
83 
-25·C 
to +85·C 
Plastic DIP 
ADS7805PB 
±3 
86 
-25·C 
to +85·C 
Plastic DIP 
ADS7805U 
±4 
83 
-25·C 
to +85·C 
SOIC 
ADS7805UB 
±3 
86 
-25·C 
to +85·C 
SOIC 
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PIN. 
NAME 


1 
V,N 


2 
AGND1 


3 
REF 


4 
CAP 


5 
AGND2 


6 
015 (MSB) 


7 
014 


8 
013 


9 
012 


10 
011 


11 
010 


12 
09 


13 
08 


14 
DGND 


15 
07 


16 
06 


17 
05 


18 
04 


19 
03 


20 
02 


21 
01 


22 
DO (LSB) 


23 
BYTE 


24 
RiC 


25 
CS 


26 
BUSY 


27 
VAN' 


28 
VOIG 


DIGITAL 
VO 
DESCRIPTION 


Analog Input. See Figure 7. 


Analog 
Ground. 
Used 
internally 
as ground 
reference 
point. 


Reference 
Input/Output. 
2.2JlF tantalum 
capacitor 
to ground. 


Reference 
Buffer 
Capacitor. 
2.2J.1F tantalum 
capacitor 
to ground. 


Analog 
Ground. 
a 
Data Bit 15. Most Significant 
Bit (MSB) of conversion 
results. Hi-Z state when CS is HIGH, or when RIG is LOW. 


a 
Data Bit 14. Hi-Z state when CS is HIGH, or when RiG is LOW. 


a 
Data Bit 13. Hi-Z state when CS is HIGH, or when RiG is LOW. 


a 
Data Brt 12. Hi-Z state when CS is HIGH, or when RiG is LOW. 
a 
Data Bit 11. Hi-Z stale when CS is HIGH, or when RIG is LOW. 
a 
Data Bit 10. Hi-Z stale when CS is HIGH, or when RiG is LOW. 
a 
Data Brt 9. Hi-Z state when CS is HIGH, or when RiG is LOW. 
a 
Data Bit 8. Hi-Z state when CS is HIGH, or when RiG is LOW. 


Digital Ground. 
a 
Data Bit 7. Hi-Z state when CS is HIGH, or when RiG is LOW. 


a 
Data Bit 6. Hi-Z state when CS is HIGH, or when RiG is LOW. 
a 
Data Bit 5. Hi-Z state when CS is HIGH, or when RiG is LOW. 


a 
Data Bit 4. Hi-Z state when CS is HIGH, or when RiG is LOW. 


a 
Data Bit 3. Hi-Z state when CS is HIGH, or when RIG is LOW. 
a 
Data Bit 2. Hi-Z state when CS is HIGH, or when RiG is LOW. 


a 
Data Bit 1. Hi-Z state when CS is HIGH, or when RiG is LOW. 


a 
Data Bit O. Lease Significant 
Brt (LSB) of conversion 
results. Hi-Z stale when CS is HIGH, or when RiG is LOW. 


Selects 8 most signilicant 
bits (LOW) or 8 least significant 
bits (HIGH). 


With CS LOW and BUSY HIGH, a Falling Edge on RiG Initiales a New Conversion. 
With CS LOW, a rising edge on RiG 
enables the parallel output. 


Internalty OR'd 
with Ale. 
If Rie 
LOW, 
a falling edge on CS initiates a new conversion. 


o 
At the start of a conversion, 
BUSY 
goes LOW 
and stays LOW 
until the conversion 
is completed 
and the digital outputs 
have been updated. 


Analog Supply 
Input. Nominally 
+SV. 
Decouple 
to ground with O.1J.1Fceramic 
and 10llF tantalum 
capacitors. 


Digital Supply Input. Nominally +SV. Connect directly to pin 27. Must be S VANA. 


BURR· BROWN* 
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For Immediate Assistance, Contact YourLocal Salesperson 


BASIC OPERATION 


Figure 1 shows a basic circuit to operate the ADS7805 
with 


a full parallel data output. Taking R/C (pin 24) LOW for a 
minimum 
of 40ns 
(71lS 
max) 
will 
initiate 
a conversion. 


BUSY 
(pin 26) will go LOW 
and stay LOW 
until the 


conversion 
is completed 
and the output 
registers 
are up- 
dated. Data will be output 
in Binary 
Two's 
Complement 


with the MSB on pin 6. BUSY going HIGH can be used to 
latch the data. All convert commands 
will be ignored while 
BUSY is LOW. 


The ADS7805 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
lOllS between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 


and gain will be corrected in software (refer to the Calibra- 
tion section). 


The combination 
of CS (pin 25) and R/C (pin 24) LOW for 


a minimum of 40ns immediately 
puts the sample/hold 
of the 


ADS7805 
in the hold state and starts conversion 
'n'. BUSY 


(pin 26) will go LOW and stay LOW until conversion 
'n' is 


completed 
and the internal output register has been updated. 
All new convert 
commands 
during 
BUSY 
LOW 
will be 


ignored. CS and/or R/C must go HIGH before BUSY goes 
HIGH or a new conversion 
will be initiated without suffi- 


cient time to acquire a new signal. 


The ADS7805 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
lOllS between 
convert 
com- 
mands assures accurate acquisition of a new signal. Refer to 


Table II for a summary 
of <::S, R/C, and BUSY states and 
Figures 3 through 5 for timing diagrams. 


CS and R/C are internally 
OR'd and level triggered. 
There 


is not a requirement 
which 
input goes LOW 
first when 
initiating a conversion. 
If, however, 
it is critical that CS or 
R/C initiates conversion 
'n', be sure the less critical input is 


LOW at least IOns prior to the initiating 
input. 


To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. This will 
have no effect when using the internal data clock in the serial 
output 
mode. 
However, 
the parallel 
output 
will become 
active 
whenever 
R/C goes HIGH. 
Refer 
to the Reading 
Data section. 


CS 
RlC 
BUSY 
OPERATION 


1 
X 
X 
None. Databus is in Hi-Z state. 


! 
0 
1 
Initiates conversion 
"n". Databus remains 
in Hi-Z state. 


0 
! 
1 
Initiates conversion 
"OW. Databus enters Hi-Z 
state. 


0 
1 
i 
Conversion 
"n" completed. 
Valid data from 
conversion 
"n" on the databus. 


! 
1 
1 
Enables databus with valid data from 
conversion 
"n", 
! 
1 
0 
Enables databus with valid data from 
conversion 
"0-1"(11. 
Conversion 
n in progress. 


0 
i 
0 
Enables databus with valid data from 
conversion 
"0-1"(1). Conversion 
"0" in progress. 


0 
0 
i 
New conversion 
initiated without acquisition 
of.! 
new signal. Data will be invalid. CS and/or 


RlC must be HIGH when BUSV goes HIGH. 


X 
X 
0 
New convert commands 
ignored. Conversion 


-n" in progress. 


NOTE: 
(1) See 
Figures 
3 and 4 for 
constraints 
on data 
valid 
from 


conversion 
-n-1". 


Convert Pulse 


B15 (MSB) 
LJ 


B14 
BO (LSB) 
J-t 


40ns min 
ADS780S 
6IJs max 


B13 
B1 


B12 
B2 


B11 
B3 


B10 
B4 


B9 
B5 


B8 
B6 


B7 
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The ADS7805 
outputs full or byte-reading 
parallel data in 


Binary Two's Complement 
data output format. The parallel 


output will be active when R/C (pin 24) is HIGH and CS 
(pin 25) is LOW. Any other combination 
of CS and R/C will 


tn-state 
the parallel 
output. Valid conversion 
data can be 
read in a full parallel, 
16-bit word or two 8-bit bytes on pins 


6-13 and pins 15-22. BYTE (pin 23) can be toggled to read 
both bytes within one conversion 
cycle. Refer to Table III 
for ideal output codes and Figure 2 for bit locations relative 
to the state of BYTE. 


DIGITAL OUTPUT 
BINARY TWO'S COMPLEMENT 


DESCRIPTION 
ANALOG 
INPUT 
BINARY CODE 
HEX CODE 


Full Scale Range 
±10V 


Least 
Significant 
305~V 
Bit (LSB) 


+Full Scale 
9.999695V 
0111111111111111 
7FFF 


(10V - 1LSB) 


Midscale 
OV 
0000 0000 0000 0000 
0000 


One LSB below 
-305~V 
1111111111111111 
FFFF 


Midscale 


-Full 
Scale 
-10V 
1000 0000 0000 0000 
8000 


PARALLEL 
OUTPUT 
(After a Conversion) 


After conversion 
'n' 
is completed 
and the output registers 


have been updated, BUSY (pin 26) will go HIGH. Valid data 
from conversion 
'n' will be available on DI5-DO (pin 6-13 
and 15-22). BUSY going HIGH can be used to latch the 
data. Refer to Table 
IV and Figures 
3 and 5 for timing 


specifications. 


BURR-BROWN_ 
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PARALLEL 
OUTPUT 
(During 
a Conversion) 


After 
conversion 
'n' 
has been 
initiated, 
valid 
data from 
conversion 
'n-I ' can be read and will be valid up to 7!JSafter 
the star! of conversion 
'n'. Do not attempt to read data from 


7!JS after the start of conversion 
'n' 
until BUSY 
(pin 26) 
goes HIGH; this may result in reading invalid data. Refer to 
Table IV and Figures 3 and 5 for timing specifications. 


Note! For the best possible performance, 
data should not be 


read during a conversion. 
The switching 
noise of the asyn- 


chronous data transfer can cause digital feed through degrad- 
ing the converter's 
performance. 
~ 


The number 
of control 
lines can be reduced 
by tieing CS~ 


LOW while using R/C to initiate conversions 
and activate 
the output mode of the converter. 
See Figure 3. 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


t, 
Convert 
Pulse Width 
40 
7000 
ns 


t, 
Data Valid Delay after RiG LOW 
8 
~s 


13 
BUSY Delay from RIG LOW 
65 
ns 
to 
BUSY LOW 
8 
~s 
-- 
t, 
BUSY Delay after 
220 
ns 


End of Conversion 


Ie 
Aperture 
Delay 
40 
ns 


t, 
Conversion 
Time 
7.6 
8 
~s 


Ie 
Acquisition 
Time 
2 
~s 


t" 
Bus Relinquish 
TilIle 
10 
35 
83 
ns 


I" 
BUSY Delay after Data Valid 
50 
200 
ns 


I" 
Previous 
Data Valid 
7.4 
~s 
after RIG LOW 


t,+ 
Ie 
Throughput 
Time 
9 
10 
~s 


t" 
RIG to CS Setup Time 
10 
ns 


t" 
Time 
Between 
Conversions 
10 
~s 


t,. 
Bus Access Time 
10 
83 
ns 
and BYTE Delay 


r•..,---~~ 
4- 
,-_!,_.l- 
-- 
113----------- 
------- 
t, ------~ 


\~ 
t. 
•..••I 
\ 


-Is 


X 


I 


X 
Acquire 
Convert 
t.-- 


-10 


MODE ~~~~~~~~Acq~~u~ire~~~~~~=X~ 
c_o_n_ve_rt 
_ 


-112 
- 
-112 


fllllll/l1l111 


- 
-112 
\\\\\\\\\\ 


-10 


MODE -A-cq-u-i'-e-X=======c=o=n=ve=rt=======X 
A_cq_U_i'_e 
_ 


DATABUS 
H_i-_Z_S_ta_te 
X 
Data Valid 
X Hi-ZState 


- -I,. 
-t,,- 


- 
-112 


RlC nnn 


112- 
- 
\\\\\\\\ 


_H_i-Z_~~~ 
High Byte 
X 
H_i-_Z_ 


BURR - BROWNiI 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
IE:lE:lI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SOFTWARE 
CALIBRATION 


The ADS7805 offers a standard ±lOV input range. Figure 6 
shows the necessary 
circuit connections 
for the ADS7805 
with and without hardware trim. Offset and full scale error<I) 
specifications 
are tested and guaranteed with the fixed resis- 


tors shown in Figure 6b. Adjustments 
for offset and gain are 


described 
in the Calibration 
section of this data sheet. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 


pensate for this adjustment 
and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The nominal 
input impedance 
of 23kQ 
results 
from the 
combination 
of the internal resistor network shown on the 
front page of the product data sheet and the external resistors. 
The input resistor divider network provides inherent overvolt- 
age protection guaranteed to at lease ±25V. The I% resistors 
used for the external circuitry do not compromise the accuracy 
or drift of the converter. They have little influence relative to 
the internal resistors, and tighter tolerances are not required. 


NOTE: 
(1) Full scale error includes offset and gain errors measured 
at both +FS 


and -FS. 


The ADS7805 can be trimmed in hardware or software. The 
offset should be trimmed 
before the gain since the offset 


directly affects the gain. To achieve optimum performance, 
several iterations may be required. 


HARDWARE 
CALIBRATION 


To calibrate the offset and gain of the ADS7805, 
install the 


proper resistors and potentiometers as shown in Figure 6a. The 
calibration range is ±15mV for the offset and ±6OmV for the 
gain. 


±lOV With Hardware 
Trim 


To calibrate the offset and gain of the ADS7805 in software, 
no external resistors are required. 
See the No Calibration 
section for details on the effects of the external resistors. Refer 
to Table V for range of offset and gain errors with and without 
external resistors. 


See Figure 6b for circuit connections. 
The external resistors 


shown in Figure 6b may not be necessary in some applica- 
tions. These resistors provide compensation 
for an internal 
2 


adjustment 
of the offset and gain which allows calibration 


with a single supply. The nominal transfer function of the 
ADS7805 will be bound by the shaded region seen in Figure 
7 with a typical offset of -30m V and a typical gain error of 
-1.5%. 
Refer to Table V for range of offset and gain errors 
with and without external resistors. 


WITH 
WITHOUT 
EXTERNAL 
EXTERNAL 
RESISTORS 
RESISTORS 
UNITS 


BPO 
-10 
< BPO < 10 
-50 
< BPO < -15 
mV 
-30 
< BPO < 30 
-150 
< BPO <-45 
LSBs 


Gain 
-0.5 
< error < 0.5 
-2 < error <-1 
% of FSR 
Error 


TABLE V. Offset and Gain Errors With and Without Exter- 
nal Resistors. 


±lOV Without 
Hardware 
Trim 
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/ 
/ 
/ 
/ 


The ADS7805 can operate with its internal2.5V 
reference or 
an external reference. 
By applying an external reference 
to 
pin 5, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output on CAP 
(pin 4). 


The internal reference 
has an 8 ppml"C drift (typical) and 
accounts 
for approximately 
20% 
of the full 
scale 
error 


(FSE = ±O.5% for low grade, ±O.25% for high grade). 


REF (pin 3) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2~ 
capacitor should be 
connected as close to the REF pin as possible. The capacitor 
and the output resistance 
of REF create a low pass filter to 
bandlimit 
noise 
on the reference. 
Using 
a smaller 
value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. 


The range for the external 
reference 
is 2.3V to 2.7V and 
determines 
the actual LSB size. Increasing 
the reference 
voltage will increase the full scale range and the LSB size of 
the converter 
which can improve the SNR. 


/ 
/ 
/ 
/ 
/ 


Ideal 
Transfer 
Function 


With 
External 
Resistors 


Range 
at Transfer 
Function 


Without 
External 
Resistors 


CAP 


CAP (pin 4) is the output of the internal reference buffer. A 
2.2~ 
capacitor should be placed as close to the CAP pin as 


possible 
to provide 
optimum 
switching 
currents 
for the 
CDAC throughout 
the conversion 
cycle and compensation 
for the output of the internal buffer. Using a capacitor 
any 
smaller than I~ 
can cause the output buffer to oscillate and 
may not have sufficient 
charge for the CDAC. 
Capacitor 
values larger than 2.2~ 
will have little affect on improving 
performance. 


The output of the buffer is capable of driving up to 2mA of 
current to a DC load. DC loads requiring more than 2rnA of 
current from the CAP pin will begin to degrade the linearity 
of the ADS7805. 
Using an external 
buffer will allow the 
internal reference 
to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with the 
output voltage on CAP. This will cause performance 
degra- 
dation of the converter. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
IE:lE:lI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SIGNAL 
CONDITIONING 


POWER 


For optimum performance, 
tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the ADS7805 
uses 90% of its power for the analog 
circuitry. The ADS7805 
should be considered 
as an analog 
component. 


The +5V power for the AID should be separate from the +5V 
used forthe 
system's digital logic. Connecting 
VDlG (pin 28) 
directly to a digital supply can reduce converter performance 
due to switching 
noise 
from 
the digital 
logic. 
For best 
performance, 
the +5V supply can be produced 
from what- 
ever analog supply is used for the rest of the analog signal 
conditioning. 
If + 12V or + 15V supplies are present, a simple 
+5V regulator can be used. Although 
it is not suggested, 
if 
the digital supply must be used to power the converter, 
be 
sure to properly 
filter the supply. 
Either 
using a filtered 
digital supply or a regulated 
analog supply, both VDlG and 
VANA should be tied to the same +5V source. 


GROUNDING 


Three ground pins are present on the ADS7805. 
DGND i 
the digital 
supply 
ground. 
AGND2 
is the analog 
supply 
ground. 
AGND I is the ground 
which 
all analog 
signals 
internal to the AID are referenced. 
AGND I is more suscep- 
tible to current induced voltage drops and must have the path 
of least resistance 
back to the power supply. 


All the ground pins of the AID should be tied to the analog 
ground 
plane, 
separated 
from 
the system's 
digital 
logic 
ground, to achieve optimum performance. 
Both analog and 
digital ground planes should be tied to the "system" ground 
as near to the power 
supplies 
as possible. 
This helps to 
prevent 
dynamic 
digital ground 
currents 
from modulating 
the analog ground through a common impedance 
to power 
ground. 


The FET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
FET switch on the ADS7805, compared to the FET switches 
on other CMOS 
AID converters, 
releases 
5%-10% 
of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. The end result is a minimal 
requirement 
for the anti-alias filter on the front end. Any op 
amp 
sufficient 
for the 
signal 
in an application 
will 
be 
sufficient 
to drive the ADS7805. 


The resistive 
front end of the ADS7805 
also provides 
a~ 


guaranteed ±25V overvoltage 
protection. 
In most cases, this'" 


eliminates 
the need for external input protection 
circuitry. 


INTERMEDIATE 
LATCHES 


The ADS7805 
does have tri-state 
outputs 
for the parallel 
port, but intermediate 
latches should be used if the bus will 
be active during conversions. 
If the bus is not active during 
conversion, 
the tri-state outputs can be used to isolate the 
AID 
from 
other 
peripherals 
on the 
same 
bus. 
Tri-state 
outputs can also be used when the AID is the only peripheral 
on the data bus. 


Intermediate 
latches are beneficial 
on any monolithic 
AID 
converter. The ADS7805 
has an internal LSB size of 38~V. 


Transients 
from fast switching 
signals on the parallel port, 


even when the AID is tri-stated, can be coupled through the 
substrate 
to the analog 
circuitry 
causing 
degradation 
of 
converter 
performance. 


Call factory for updated data sheet which includes standard 
DSP, microprocessor, 
and microcontroller 
interfaces. 
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DEMO BOARD 
AVAILABLE 
See Appendix 
A 


Low-Power 12-Bit Sampling CMOS 
ANALOG-to-DIG~TAL CONVERTER 


• 
3SmW max POWER DISSIPATION 


• 
SOJlW POWER DOWN MODE 


• 
2SJls max ACQUISITION 
AND 
CONVERSION 


• 
±1/2LSB 
max INL AND DNL 


• 
72dB min SINAD WITH 1kHz INPUT 


• 
±10V, OV TO +SV, AND OV TO +4V INPUT 
RANGES 


• 
SINGLE 
+SV SUPPLY 
OPERATION 


• 
PARALLEL 
AND SERIAL 
DATA OUTPUT 


• 
PIN-COMPATIBLE 
WITH 16-BIT ADS7807 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


The ADS7806 is a low-power 
l2-bit sampling analog- 
to-digital 
using state-of-the-art 
CMOS 
structures. 
It 
contains a complete 
l2-bit, capacitor-based, 
SAR AID 
with SIH, clock, reference, 
and microprocessor 
inter- 
face with parallel and serial output drivers. 


The ADS7806 
can acquire and convert to full l2-bit 
accuracy 
in 25lJS max while consuming 
only 35mW 
max. Laser-trimmed 
scaling resistors provide standard 
industrial 
input ranges of ±IOV and OV to +5V. In 
addition, 
a OV to +4V range allows development 
of 
complete 
single supply systems. 


The 28-pin ADS7806 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -4Q°C to +85°C temperature 
range. 


Parallel 


and 


Serial 


Data 


Out 


Reference 
Power 
Down 
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SPECIFICATIONS 


ADS7806P. 
U 
ADS7806PB, 
UB 
(0 


UNITS 
0 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
co 
RESOLUTION 
12 
Bits 
I'- 


ANALOG 
INPUT 
en 


Voltage Ranges 
±10, 0 to +5. 0 to +4 
V 
C 


Impedance 
(See Table II) 
« 


Capacitance 
35 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
20 
~s 
Complete 
Cycle 
Acquire and Convert 
25 
~s 
Throughput 
Rate 
40 
kHz 


DC ACCURACY 
en 


Integral Linearity 
Error 
±0.15 
±0.9 
±0.45 
LSBI') 
I- 


Differential 
Linearity 
Error 
±0.15 
±0.9 
±0.45 
LSB 
Z 


No Missing Codes 
Guaranteed 
Bits 
W 
Transition 
Noise(2) 
0.1 
LSB 
Z 


Gain Error 
±0.2 
±D.l 
% 
0 
Full Scale Error<3,4) 
±0.5 
±0.25 
% 
11. 


Full Scale Error Drift 
±7 
±5 
ppm/'C 
~ 
Full Scale Error<3,4) 
Ext. 2.5000V Ref 
±0.5 
±0.25 
% 


Full Scale Error Drift 
Ext. 2.5000V Ref 
±0.5 
ppmrc 
0 
Bipolar Zero Error<31 
±10V Range 
±10 
mV 
0 
Bipolar Zero Error Drift 
±10V Range 
±0.5 
ppm/'C 
Z 
Unipolar Zero Errori31 
OV to 5V, OV to 4V Ranges 
±3 
mV 


Unipolar Zero Error Drift 
OV to 5V, OV to 4V Ranges 
±0.5 
ppmrc 
0 
Recovery Time to Rated Accuracy 
2.2~F Capacitor 
to CAP 
1 
ms 
i= 
from Power Down(5) 
en 
Power Supply Sensitivity 
+4.75V 
<: Vs <: +S.25V 
±0.5 
LSB 


(VOIO= VANA= Vs) 
:) 


AC ACCURACY 
" 


Spurious-Free 
Dynamic 
Range 
fiN = 1kHz, ±10V 
80 
90 
dBI") 
0 
Total Harmonic 
Distortion 
fiN = 1kHz, ±10V 
-90 
~o 
dB 
« 
Signal-to-(Noise+Distortion) 
fiN = 1kHz, ±10V 
70 
73 
72 
dB 
~ 


Signal-to-Noise 
fiN = 1kHz, ±10V 
70 
73 
72 
dB 
Usable Bandwidth(7) 
130 
kHz 


Full Power Bandwidth 
(-3dB) 
600 
kHz 
cs: 
C 
SAMPLING 
DYNAMICS 
en 
Aperture 
Delay 
40 
ns 
Aperture Jitter 
20 
ps 
a: 
Transient 
Response 
FS Step 
5 
~s 
W 
Overvoltage 
Recovery(8) 
750 
ns 
I- 


REFERENCE 
a: 
Internal Reference 
Voltage 
No Load 
2.48 
2.5 
2.52 
V 
W 


Internal Reference 
Source Current 
1 
~ 
> 
(Must use external buffer.) 
Z 
Internal Reference 
Drift 
8 
ppml"C 
0 
External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
0 
for Specified 
Linearity 


External Reference 
Current Drain 
Ext. 2.5000V 
Ref 
100 
~ 
C 


DIGITAL 
INPUTS 
< 
Logic Levels 
Vil 
-{).3 
+0.8 
V 
V,H 
+2.0 
Vo +0.3V 
V 
III 
Vil = OV 
±10 
~ 
I'H 
V,H = 5V 
±10 
~A 


DIGITAL 
OUTPUTS 
Data Format 
Parallel 12-bits in 2-bytes; Serial 


Data Coding 
Binary Two's Complement 
or Straight Binary 


VO\. 
IS1NK:::: 
1.6mA 
+0.4 
V 
VOH 
ISOURCE= 500~ 
+4 
V 


Leakage Current 
High-Z State, 
±5 
~ 
Vour:::: OV to VOla 
Output Capacitance 
High-Z State 
15 
pF 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


ADS7806P. 
U 
ADS7806PB. 
UB 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
TIMING 
Bus Access Time 
RL = 3.3kil, 
CL = 50pF 
83 
ns 


Bus Relinquish 
TIme 
RL = 3.3kil, 
CL = 10pF 
83 
ns 


POWER SUPPLIES 
Specified 
Performance 


V01G 
Must be $ VANA 
+4.75 
+5 
+5.25 
V 
VANA 
+4.75 
+5 
+5.25 
V 


IOIG 
0.6 
mA 


IANA 
5.0 
mA 
Power 
Dissipation 
VANA::: 
VOIG ::: 5V, 's = 40kHz 
28 
35 
mW 


REFD HIGH 
23 
mW 


PWRD and REFD HIGH 
50 
~W 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
·C 


Derated Performance 
-55 
+125 
·C 
Storage 
--65 
+150 
·C 
Thermal 
Resistance 
(9JA) 


Plastic DIP 
75 
·CIW 
SOIC 
75 
·CIW 


NOTES: (1) LSB means Least Significant 
Bit. One LSB for the ±10V input range is 4.88mV. (2) Typical rms noise at worst case transition. 
(3) As measured with 
fixed resistors shown in Figure 7b. Adjustable 
to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed 
deviation from ideal first and last code transitions, 
divided by the transition voltage (not divided by the full~scale range) and includes the effect of offset error. (5) 
This is the time delay after the ADS7806 
is brought out of Power Down Mode until aU internal settling occurs and the analog input is acquired to rated accuracy. 


A Convert Command 
after this delay will yield accurate results. (6) All specifications 
in dB are referred to a full-scale input. (7) Usable Bandwidlh 
defined as Full- 
scale 
input frequency 
at which Signal~to~(Noise + Distortion) degrades 
to 6OdS. (8) Recovers to specified performance 
after 2 x FS input overvoltage. 


Analog Inputs: Rl'N 
±25V 
R2'N 
±25V 


CAP 
VANA +0.3V fo AGND2 -o.3V 
REF 
Indefinite Short to AGND2, 


Momentary Short to VANA 
Ground Voltage Differences: 
DGND, AGND1, and AGND2 
.... ±0.3V 


VANA 
..••••••••••••••• 
7V 


VOIG to VANA 
. 
+O.3V 


V01G" 
. .•..•.•••••••.••••••• 
.•••••• 7V 
Digital Inputs 
-o.3V 
to Vo,o +0.3V 
Maximum Junction Temperature 
.. 
. 
+165°C 
Internal Power Dissipation 
825mW 
lead Temperature 
(soldering, 
1Os). 
.. 
+300"C 


A 
ELECTROSTATIC 
J.Dtia. DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 


performance 
degradation 
to complete 
device failure, Burr- 


Brown Corporation 
recommends 
that this integrated 
circuit 
be handled 
and stored 
using appropriate 
ESD protection 
methods. 


MAXIMUM 
MINIMUM 


INTEGRAL 
SIGNAl·TO· 
SPECIFICATION 
LINEARITY 
(NOISE + DISTORTION) 
TEMPERATURE 
MODEL 
ERROR (lSB) 
RATIO (dB) 
RANGE 
PACKAGE 


ADS7806P 
±O.9 
70 
-40·C 
to +85·C 
Plastic DIP 
ADS7806PB 
±O.45 
72 
-40·C 
to +85·C 
Plastic DIP 
ADS7806U 
±O.9 
70 
-40·C 
to +85·C 
SOIC 


ADS7806UB 
±O.45 
72 
-4O"C to +85·C 
SOIC 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


ADS7806P 
Plastic DIP 
246 
ADS7806PB 
Plastic DIP 
246 
ADS7806U 
SOIC 
217 
ADS7806UB 
sOle 
217 
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PIN. 
NAME 


1 
RllN 
2 
AGND1 
3 
R2'N 
4 
CAP 
5 
REF 
6 
AGND2 
7 
SB/BTC 
8 
EXT/INT 
9 
07 


10 
06 
11 
05 
12 
04 
13 
03 
14 
DGND 
15 
02 
16 
01 
17 
DO 
18 
DATACLK 
19 
SDATA 
20 
TAG 
21 
BYTE 
22 
RIG 


23 
CS 


24 
BUSY 


25 
PWRD 
26 
REFD 
27 
VAN' 


28 
VOIG 


DIGITAL 
VO 
DESCRIPTION 


Analog Inpul. See Figure 7. 
Analog Sense Ground. 
Analog Inpul. See Figure 7. 
Reference 
Buffer Output. 2.2•.•.F tantalum capacitor 
to ground. 


Reference 
Input/Output. 
2.2JlF tantalum capacitor to ground. 


Analog Ground. 


I 
Selects Straight Binary or Binary Two's Complement for Output Data Format. 


I 
ExternaVlnternal 
data clock select. 


o 
Dala Bit 3 if BYTE is HIGH. Data bit 11 (MSB) ij BYTE is LOW. Hi-Z when CS is HIGH and/or RIG is LOW. Leave 
unconnected 
when using serial output. 


o 
Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi-Z when CS is HIGH and/or RlC is LOW. 


o 
Data Bit 1 if BYTE is HIGH. Data bit 9 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIG is LOW. 
o 
Data Bit 0 (LSB) if BYTE is HIGH. Data bit 8 if BYTE is LOW. Hi-Z when CS is HIGH and/or RIG is LOW. 


o 
LOW if BYTE is HIGH. Data bit 7 if BYTE is LOW. Hi-Z when CS is HIGH and/or RIG is LOW. 
Digital Ground. 


o 
LOW if BYTE is HIGH. Data bit 6 if BYTE is LOW. Hi-Z when CS is HIGH and/or RIG is LOW. 


o 
LOW if BYTE is HIGH. Data bit 5 if BYTE is LOW. Hi-Z when CS is HIGH and/or RIG is LOW. 


o 
LOW if BYTE is HIGH. Data bit 4 if BYTE is LOW. Hi-Z when CS is HIGH andlor RlC is LOW. 


1/0 
Data Clock Output when EXT/INT is LOW. Data clock input when EXT/INT Is HIGH. 
o 
Serial Output Synchronized 
to DATACLK. 


I 
Serial Input When Using an Exlernal 
Data Clock. 


I 
Selects 8 most significant bits (LOW) or 4 least significant bits (HIGH) on parallel output pins. 


I 
With CS LOW and BUSY HIGH, a Falling Edge on RlC Initiates a New Conversion. 
With CS LOW, a rising edge on RIG 
enables the parallel output. 
Internally OR'd with RlC. If RiG is LOW, a falling edge on CS initiates a new conversion. 
If EXTIINT is LOW, this same 
falling edge will start the transmission 
of serial data results from the previous conversion. 


a 
At the start of a conversion, 
BUSY goes LOW and stays LOW until the conversion 
is completed 
and the digital outputs 


have been updaled. 
PWRD HIGH shuts down aU analog circuitry except the reference. 
Digital circuitry remains active. 


REFD HIGH shuts down the internal reference. 
External reference will be required for conversions. 
Analog Supply. Nominally +SV. Decouple with O.l).lF ceramic and 10JlF tantalum capacitors. 
Digital Supply. Nominally 
+SV. 
Connect directly 10 pin 27. Must be::s VANJ". 


ANALOG 
CONNECT 
R1'N 
CONNECT 
R2,N 
INPUT 
VIA 200n 
VIA 100n 


RANGE 
TO 
TO 
IMPEDANCE 


±10V 
V,N 
CAP 
45.7kfl 


OV to 5V 
AGND 
V,N 
20.0kfl 


OV to 4V 
V,N 
V'N 
21.4kfl 


REFD 


PWRD 


BUSY 


CS 


RIG 


DATACLK 


DO 
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-60 
..ec. 
E« 
-60 
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Frequency (kHz) 
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74.0 


73.9 


co~ 
0 
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«zen 
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10 


Frequency (kHz) 


90 


80 


70 


60 
co~ 50 
0« 
40 
zen 


30 


20 


10 


I 


OdB- 


20dB- 


I 


I 


-60dB- 


I 


o 
o 
4 
6 
8 
10 
12 
14 
16 
18 
20 


Input Signal Frequency (kHz) 


110 


105 


~ 
100 


~ 
95 
zen 
90 
"0 
@ 
85 


cr: 
80 
z 
(/) 
75 


cr: 
~ 
70 


(/) 
65 


60 


-75 
-50 
-25 


~F~R 
- 


SNR and SINAD, 


, 


THD 


-110 


25 
50 
75 
100 
125 
150 


Temperature (OC) 
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TYPICAL PERFORMANCE CURVES (CONT) 


I 
...• 
I 
I 


J 
I 


- 
All Go~es INL 
i 
I" 
'_ 
I 


I 
I 


15.10 


15.00 


14.90 
! 14.80 
., 
E 
14.70 
;:: 
c:.2 
14.60 


l!?~ 14.50 
c:8 14.40 


14.30 


I[ 
III 


j 


INL 
i 


"-/a 
'l 
vr' 
I 


DNL 
: II 


1()2 
1()3 
10" 
10' 
10' 


Power Supply Ripple Frequency (Hz) 


3 
2 _UP~Error 


1 
o 
-1 
-2 


0.40 
+F 
Error 4V Ran e 


0.20 


O~~ 


+Fs Error (5V Range, 


0.20 


o 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


Temperature 
(oG) 


--- 
L-- 
~J--- 


14.20 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


Temperature 
(oG) 
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32 
_BP~ 
Error 


1 
o 
-1 
-2 


c: m 
0.20 
+Fs 
rror 
.,." 
,,- 
0 
~§ 


LL -0.20 


-Fs Error 
- 


25 
50 
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BASIC OPERATION 


PARALLEL 
OUTPUT 


Figure 
la) shows a basic circuit to operate 
the ADS7806 
with a ±lOV input range and parallel output. Taking 
R/C 
(pin 22) LOW for 40ns (l21JS max) will initiate a conver- 
sion. BUSY (pin 24) will go LOW and stay LOW until the 
conversion 
is completed 
and the output register is updated. 


rfBYTE 
(pin 21) is LOW, the 8 most significant bits will be 


valid 
when 
BUSY 
rises; 
if BYTE 
is HIGH, 
the 4 least 


significant bits will be valid when BUSY rises. Data will be 
output in Binary Two's 
Complement 
format. BUSY lloing 
HIGH can be used to latch the data. After the fust byte has 
been read, BYTE can be toggled 
allowing 
the remaining 
byte to be read. All convert commands will be ignored while 
BUSY is LOW. 


The ADS7806 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
251JS between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 


and gain will be corrected in software (refer to the Calibra- 
tion section). 


SERIAL 
OUTPUT 


Figure 
lb) shows a basic circuit to operate the ADS7806 
with a ±10V input range and serial output. Taking R/e (pin 
22) LOW for 40ns (l21JS max) will initiate a conversion 
and 


""~ 


f-<-..., 


FIGURE 
la. Basic ±lOV Operation, both Parallel and Serial 
Output. 


output valid data from the previous conversion 
on SDA TA 
(pin 
19) synchronized 
to 
12 clock 
pulses 
output 
on 
DATACLK 
(pin 18). BUSY (pin 24) will go LOW and stay 
LOW until the conversion 
is completed 
and the serial data 
has been transmitted. 
Data will be output in Binary Two's 


Complement 
format, MSB fust, and will be valid on both the 
rising 
and falling 
edges 
of the data clock. 
BUSY 
going 
HIGH can be used to latch the data. All convert commands 
will be ignored while BUSY is LOW. 


The ADS7806 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
251JS between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The combination 
of CS (pin 23) and R/C (pin 22) LOW for 
a minimum of 40ns immediately 
puts the sample/hold 
of the 
ADS7806 
in the hold state and starts conversion 
'n'. BUSY 
(pin 24) will go LOW and stay LOW until conversion 
'n' is 
completed 
and the internal output register has been updated. 


All new convert 
commands 
during 
BUSY 
LOW 
will be 
ignored. CS and/or R/e must go HIGH before BUSY goes 
HIGH or a new conversion 
will be initiated 
without suffi- 
cient time to acquire a new signal. 


NOTE: (1) These pins should be left 


unconnected.They 
will 
be 
active 
when 


RlC"IsHIGH. 
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The ADS7806 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
251lS between 
convert 
com- 


mands assures accurate acquisition of a new signal. Refer to 
Tables III and IV for a summary 
of CS, R!C, and BUSY 


states and Figures 2 through 6 for timing diagrams. 


CS 
RlC 
BUSY 
OPERATION 


1 
X 
X 
None. Databus is in Hi-Z state. 
t 
0 
1 
Initiates conversion 
"n", Databus remains 
in Hi·Z state. 


0 
t 
1 
Initiates conversion 
"n", Oatabus enters Hi-Z 
state. 


0 
1 
i 
Conversion 
"n" completed. 
Valid data from 


conversion 
"n" on the databus. 


t 
1 
1 
Enables databus with valid data from 
conversion 
"0". 
t 
1 
0 
Enables databus with valid data from 
conversion 
"0-1"(1). Conversion 
n in progress. 


0 
i 
0 
Enables databus with valid data from 
conversion 
"0-1"(1). Conversion 
"n" in progress. 


0 
0 
i 
New conversion 
initiated without acquisition 
of.! 
new signal. Data will be invalid. CS and/or 
RIG must be HIGH when BUSY goes HIGH. 


X 
X 
0 
New convert commands 
ignored. Conversion 


"n" in progress. 


NOTE: 
(1) See 
Figures 
2 and 
3 for 
constraints 
on 
data 
valid 
from 


conversion 
"n·1". 


Table III. Control 
Functions 
When Using Parallel 
Output 


(DATACLK 
tied LOW, EXT/INT 
tied HIGH). 


CS and R/C are internally OR'd and level triggered. 
There 
is not a requirement 
which 
input goes LOW 
first when 
initiating a conversion. 
If, however, 
it is critical that CS or 
R/C initiates conversion 
'n', be sure the less critical input is 


LOW at least IOns prior to the initiating input. If EXT/INT 
(pin 8) is LOW when initiating 
conversion 
'n', 
serial data 
from conversion 
'n-l' 
will be output on SDATA 
(pin 19) 


following 
the start of conversion 
'n'. 
See Internal 
Data 
Clock in the Reading 
Data section. 


To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. This will 
have no effect when using the internal data clock in the serial~ 
output 
mode. However, 
the parallel 
output 
and the serial'- 
output 
(only 
when using an external 
data clock) 
will be 
affected whenever 
R/C goes HIGH. Refer to the Reading 
Data section. 


The ADS7806 
outputs 
serial or parallel 
data in Straight 
Bin~r 
Binary Two's Complement 
data output format. If 


SB/BTC (pin 7) is HIGH, the output will be in SB format, 
and if LOW, the output will be in BTC format. 
Refer to 


Table V for ideal output codes. 


The parallel output can be read without affecting the internal 
output registers; however, reading the data through the serial 


CS 
RlC 
BUSY 
EXTnNT 
DATACLK 
OPERATION 


t 
0 
1 
0 
Output 
Initiates conversion 
"n". Valid data from conversion 
"n·1" clocked out on SDATA. 


0 
t 
1 
0 
Output 
Initiates conversion 
"n". Valid data from conversion 
"n-1" clocked out on SDATA. 


t 
0 
1 
1 
Input 
Initiates conversion 
"n". Internal clock still runs conversion 
process. 


0 
t 
1 
1 
Input 
Initiates conversion 
"n". Internal clock still runs conversion 
process. 


t 
1 
1 
1 
Input 
Conversion 
"n" completed. 
Valid data from conversion 
"n" clocked out on SDATA synchronized 
to external data clock. 
t 
1 
0 
1 
Input 
Valid data from conversion 
"n-1" output on SDATA synchronized 
to external data clock. 


Conversion 
"n" in progress. 


0 
i 
0 
1 
Input 
Valid data from conversion 
"n-1" output on SDATA synchronized 
to external data clock. 
Conversion 
"n" in progress. 


0 
0 
i 
X 
X 
New conversion 
initiated without acquisition of a new signal. Data will be invalid. GS and/or RIG 
must be HIGH when BUSY goes HIGH. 


X 
X 
0 
X 
X 
New convert commands 
ignored. Conversion 
"n" in progress. 


NOTE: (1) See Figures 4, 5. and 6 for constraints 
on data valid from conversion 
"n·1". 
- 


DESCRIPTION 
ANALOG 
INPUT 
DIGITAL 
OUTPUT 


Full-Scale Range 
±to 
OVto 5V 
OVto 4V 
BINARY TWO'S COMPLEMENT 
STRAIGHT 
BINARY 


Least Significant Bit (LSB) 
4.88mV 
1.22mV 
976~" 
(SBlBTC 
LOW) 
(SBlBTC 
HIGH) 


HEX 
HEX 


BINARY 
CODE 
CODE 
BINARY 
CODE 
CODE 


+Full scale (FS - 1LSB) 
9.99512V 
4.99878V 
3.999024V 
01111111 
l11t 
1111 
7FF 
1111111111111111 
FFF 


Midscale 
OV 
2.5V 
2V 
0000 0000 0000 0000 
000 
1000 0000 0000 0000 
800 


One LSB Below Midscale 
-4.88mV 
2.49878V 
1.999024V 
1111111111111111 
FFF 
0111 1111 1111 1111 
7FF 


-Full Scale 
-10V 
OV 
OV 
1000 0000סס oo 0000 
800 
0000 0000 0000סס oo 
000 
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I-~-I 
\'-~l' 


\ 
/ 
- 


-------:;..t3 
----'-I1- 
I 
---t3 
-I~:"- 
I 


\ 
----L- 


t4 


BUSY 
. 
1,;-1- 
1,;-11- 
-----~------- 
t, ------ 
- 
, 
--t'---~I 


Acquire 


cannot be read through the serial port prior to reading the 
same data on the parallel port. 


PARALLEL 
OUTPUT 


To use the parallel output, tie EXT/INT 
(pin 8) HIGH and 


DATACLK 
(pin 18) LOW. SDATA (pin 19) should be Ie!! 


unconnected. 
The parallel output will be active when R/C 


(pin 22) is HIGH 
and CS (pin 23) is LOW. 
Any other 
combination 
of CS and R/e will tri-state the parallel output. 


Valid conversion 
data can be read in two 8-bit bytes on D7- 


DO (pins 9-13 and 15-17) . When BYTE (pin 21) is LOW, 
the 8 most significant bits will be valid with the MSB on D7. 
When BYTE is HIGH, the 4 least significant 
bits will be 
valid with the LSB on D4. BYTE can be toggled to read both 
bytes within one conversion 
cycle. 


Upon 
initial 
power 
up, the parallel 
output 
will 
contain 
indeterminate 
data. 


BYTE 
I 
----~I 


~._ .•........__ u ...•yv •.•.•.•... 
u., LI VoJ.I. 
\1"'111~'"t} 
\IV 111e,U filUfi. 
v auu uala 
from conversion 
'n' will be available on D7-DO (pins 9-13 
and 15-17). BUSY going high can be used to latch the data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 


PARALLEL 
OUTPUT 
(During 
a Conversion) 


After 
conversion 
'n' 
has been 
initiated, 
valid 
data from 
conversion 
'n-I' 
can be read and will be valid up to 121JS 
after the start of conversion 
'n'. Do not attempt to read data 
beyond 
121JSafter the start of conversion 
'n' 
until BUSY 
(pin 24) goes HIGH; this may result in reading invalid data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 


I 


1,2- 
--t,2 
, -~(I 


High Byte 


I 
Valid 


- 
-t,2 
~~-- 


-- l_t21 
-- !-t21 
-- 
-t21 
RlCUill 
IllllllllllllIII 


-t1- 


- 
-t21 
I~\\\\\\\\ 


-=l1-t" 
\\\\\\\\\ 
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SERIAL 
OUTPUT 


Data can be clocked out with the internal data clock or an 
external 
data clock. When using serial output, be careful 
with the parallel outputs, D7-00 
(pins 9-13 and 15-17), as 
these pins will come out of Hi-Z state whenever CS (pin 23) 
is LOW and R/C (pin 22) is HIGH. The serial output can not 
be tri-stated and is always active. 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


t, 
Convert 
Pulse Width 
0.04 
12 
~s 


t, 
Data Valid Delay after RlC LOW 
14.7 
20 
~s 


1, 
BUSY Delay from 
85 
ns 


Start of Conversion 


t. 
BUSY LOW 
14.7 
20 
~s 
-- 
90 
t, 
BUSY Delay after 
ns 
End of Conversion 


t, 
Aperture 
Delay 
40 
ns 


t, 
Conversion 
Time 
14.7 
20 
~s 


t. 
Acquisition 
Time 
5 
~s 


t, 
Bus Relinquish 
Time 
10 
83 
ns 


too 
BUSY Delay after Data Valid 
20 
60 
ns 


t" 
Previous 
Data Valid 
12 
14.7 
~s 


after Start of Conversion 


t" 
Bus Access 
Time 
and BYTE 
Delay 
83 
ns 


too 
Start of Conversion 
1.4 
~s 


to DATACLK 
Delay 


t" 
DATACLK 
Period 
1.1 
~s 


too 
Data Valid to DATACLK 
20 
75 
ns 
HIGH Delay 


t" 
Data Valid after DATACLK 
400 
600 
ns 


LOW Delay 


t" 
External DATACLK 
Period 
100 
ns 


t" 
External DATACLK 
LOW 
40 
ns 


t" 
External DATACLK 
HIGH 
50 
ns 
r,. 
CS and RlC to External 
25 
ns 
DATACLK Setup TIme 


1" 
RIG to CS Setup Time 
10 
ns 


r" 
Valid Data after DATACLK 
HIGH 
25 
ns 


17+1e 
Throughput 
Time 
25 
~s 


TABLE 
VI. Conversion 
and Data Timing. T A = -40°C 
to 


+85°C. 


INTERNAL 
DATA CLOCK (During 
A Conversion) 


To use the internal data clock, tie EXT/INT 
(pin 8) LOW. 
The combination 
of R/C (pin 22) and CS (pin 23) LOW will 
initiate conversion 
'n' 
and activate the internal data clock 
(typically 900kHz clock rate). The ADS7806 
will output 12 


bits of valid data, 
MSB 
first, 
from conversion 
'n-I' 
on 
SDATA (pin 19), synchronized 
to 12 clock pulses output on 
DATACLK 
(pin 18). The data will be valid on both the 
rising and falling edges of the internal data clock. The rising 
edge of BUSY (pin 24) can be used to latch the data. After 
the 12th clock pulse, DATACLK 
will remain LOW until the 
next conversion 
is initiated, while SDATA will go to what-" 
ever logic level was input on TAG (pin 20) during the fust"- 
clock pulse. Refer to Table VI and Figure 4. 


EXTERNAL 
DATA CLOCK 


To use an external data clock, tie EXT/lNT (pin 8) HIGH. The 
external data clock is not a conversion clock; it can only be 
used as a data clock. To enable 
the output 
mode of the 
ADS7806, CS (pin 23) must be LOW and R/C (pin 22) must 
be HIGH. DATACLK must be HIGH for 20% to 70% of the 
total data clock period; the clock rate can be between DC and 
IOMHz. Serial data from conversion 
'n' 
can be output on 
SDATA (pin 19) after conversion 
'n' is completed or during 
conversion 'n + I'. 


An obvious way to simplify control of the converter is to tie 
CS LOW and use R/C to initiate conversions. 
While this is 
perfectly acceptable, 
there is a possible problem when using 
an external data clock. At an indeterminate 
point from 12llS 


after the start of conversion 'n' until BUSY rises, the internal 
logic will shift the results.~f 
conversion 
'n' into the output 
register. If CS is LOW, R/C is HIGH, and the external clock 
is HIGH at this point, data will be lost. So, with CS LOW, 
either R/C and/or 
DATACLK 
must be LOW during 
this 


period to avoid losing valid data. 
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B;' 0 (LSB) 
Tag 0 
Tag 
1 


Tag 0 ~l~ 


Tag 
12 
Tag 13 
Tag 14 


t21 
--~- 
-~\\~\\\~\\\\ 
/--- 


\~-- 
-1,- 
_____ 
~I 


EXTERNAL 
DATA CLOCK 
(After a Conversion) 


After conversion 
'n' is completed 
and the output registers 
have been updated, BUSY (pin 24) will go HIGH. With CS 
LOW and R/e HIGH, valid data from conversion 
'n' will be 
output on SDATA (pin 19) synchronized 
to the external data 


clock input on DATACLK 
(pin 18). The MSB will be valid 


on the first falling edge and the second rising edge of the 
external data clock. The LSB will be valid on the 12th falling 
edge and 13th rising edge of the data clock. TAG (pin 20) 
will input a bit of data for every external clock pulse. The 
first bit input on TAG will be valid on SDATA on the 13th 
falling edge and the 14th rising edge of DATACLK; 
the 


second input bit will be valid on the 14th falling edge and the 
15th rising edge, etc. With a continuous 
data clock, TAG 
data will be output 
on SDATA 
until the internal 
output 
registers are updated with the results from the next conver- 
sion. Refer to Table VI and Figure 5. 


EXTERNAL 
DATA CLOCK 
(During 
a Conversion) 


After 
conversion 
'n' 
has been 
initiated, 
valid data from 


conversion 
'n-I' 
can be read and will be valid up to 12~ 


after the start of conversion 
'n'. Do not attempt to clock out 
data from 12~ after the start of conversion 
'n' until BUSY 


(pin 24) rises; this will result in data loss. NOTE: For the 
best 
possible 
performance 
when 
using 
an external 
data 


clock, data should not be clocked out during a conversion. 
The switching 
noise of the asynchronous 
data clock can 


cause digital feed through degrading 
the converter's 
perfor- 


mance. Refer to Table VI and Figure 6. 


TAG FEATURE 


TAG (Pin 20) inputs serial data synchronized 
to the external 
or internal data clock. 


When using an external data clock, the serial bit stream input 
on TAG will follow the LSB output on SDATA 
until the 


internal 
output 
register 
is updated 
with 
new 
conversion 
results. See Table VI and Figures 5 and 6. 


The logic level input on TAG for the first rising edge of the 
internal data clock will be valid on SDA TA after all 12 bits 
of valid data have been output. 


The ADS7806 offers three input ranges: standard ±IOV and 
0-5V, and a 0-4V range for complete, single supply systems. 
Figures 7a and 7b show the necessary circuit connections 
for 
implementing 
each input range and optional offset and gain 


adjust circuitry. 
Offset and full scale error(l) specifications 


are tested and guaranteed 
with the fixed resistors shown in 
Figure 7b. Adjustments 
for offset and gain are described 
in 
the Calibration 
section of this data sheet. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The input impedance, summarized in Table II, results from the 
combination 
of the internal resistor network shown on the 
front page of the product data sheet and the external resistors 
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Analog inputs above or below the expected range will yield 
either positive full scale or negative full scale digital outputs 
respectively. 
There will be no wrapping or folding over for 


analog inputs outside the nominal range. 


HARDWARE 
CALIBRATION 


To calibrate 
the offset and gain of the ADS7806 
in hard- 
ware, install the resistors shown in Figure 7a. Table VII lists 
the hardware trim ranges relative to the input for each input 
range. 


SOFTWARE 
CALIBRATION 


To calibrate 
the offset and gain in software, 
no external 


resistors are required. However, to get the data sheet speci- 


±10V 
±15 
±SO 


o to 5V 
±4 
±30 


o to 4V 
±3 
±30 


TABLE VII. 
Offset and Gain Adjust Ranges for Hardware 
Calibration 
(see Figure 7a). 


fications for offset and gain, the resistors shown in Figure 7b 
are necessary. 
See the No Calibration 
section 
for more 
details on the external resistors. Refer to Table VIII for the 
range of offset and gain errors with and without the external 
resistors. 


NO CALIBRATION 


See Figure 7b for circuit connections. 
Note that the actual 


voltage dropped across the external resistors is at least two 
orders of magnitude 
lower than the voltage dropped across 


the internal resistor divider network. This should be consid- 


D-5V 
0-4V 


33.2kll 


2000 


All,.. 


Rl~ 


AGND1 


AGNDl 


R2 •• 


R2~ 


CAP 


CAP 


REF 
REF 


AGND2 


FIGURE 7a. Circuit Diagrams 
(With Hardware Trim). 


±10V 
D-SV 
0-4V 


200n 


V,N 
R1lN 
200n 
33.2k!l 
R11N 


AGND1 
R1lN 
AGND1 


66.5k!l 
200n 


+5V 
R2lN 
V'No-Y'N- 
V,N 
AGND1 
R21N 
100n 
100n 


CAP 
4 
R2lN 
2.2~F V 5 
CAP 


2.2~F V 5 
100n 


REF 
CAP 
REF 
2.2~F 
2.2~F 
AGND2 
REF 
AGND2 


2.2~F 


AGND2 


BURR-BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
IEilEilI 


ered when choosing the accuracy and drift specifications 
of 


the external 
resistors. 
In most applications, 
I% metal-film 
resistors will be sufficient. 


The 
external 
resistors 
shown 
in Figure 
7b may 
not be 


necessary 
in some 
applications. 
These 
resistors 
provide 
compensation 
for an internal adjustment 
of the offset and 
gain which 
allows 
calibration 
with a single 
supply. 
Not 
using the external 
resistors 
will result in offset 
and gain 
errors in addition to those listed in the electrical 
specifica- 


tions section. Offset refers to the equivalent 
voltage of the 


digital output when converting 
with the input grounded. 
A 


positive gain error occurs when the equivalent 
output volt- 


age of the digital output is larger than the analog input. Refer 
to Table VITI for nominal ranges of gain and offset errors 
with and without the external resistors. Refer to Figure 8 for 
typical shifts in the transfer functions which occur when the 
external resistors are removed. 


To further analyze the effects of removing any combination 
of the external resistors, consider Figure 9. The combination 
of the external 
and the internal 
resistors 
form a voltage 


divider 
which 
reduces 
the input 
signal 
to a 0.3125V 
to 


2.8125V input range at the CDAC. The internal resistors are 
laser trimmed to high relative accuracy to meet full specifi- 
cations. The actual input impedance 
of the internal resistor 


network looking into pin I or pin 3 however, is only accurate 
to ±20% due to process variations. This should be taken into 
account when determining 
the effects of removing the exter- 
nal resistors. 


The ADS7806 can operate with its internal2.5V 
reference or 
an external reference. 
By applying an external reference 
to 


INPUT 
OFFSET 
ERROR 
GAIN ERROR 


RANGE 
WI RESISTORS 
W/OUT RESISTORS 
WI RESISTORS 
W/OUT RESISTORS 


(V) 
RANGE (mV) 
RANGE (mV) 
TYP (mV) 
RANGE (% FS) 
RANGE (% FS) 
TYP 


±10 
-10 s BPZ s 10 
os BPZ s 35 
+15 
-0.4 s G s 0.4 
-0.3 s G s 0.5 
+0.05 


0.15 s G(ll S 0.15 
-0.1 s G(ll S 0.2 
+0.05 


o to 5 
-3 s UPO s 3 
-12SUPOS-3 
-7.5 
-0.4 s G S 0.4 
-1.0 
S G S 0.1 
-0.2 


0.15 S G(ll S 0.15 
-0.55 
S G(ll S -0.05 
-0.2 


o to 4 
-3 S UPO S 3 
-10.5 
S UPO S -1.5 
-6 
-0.4 
S G S 0.4 
-1.0 
S G S 0.1 
-0.2 


-0.15 
S G(ll S 0.15 
-0.55 
S G(1l S -0.05 
-0.2 


Note: (1) High Grade. 


""""""""""""""" 


." 
"""""""""" 


FIGURE 
8. Typical Transfer Functions With and Without External Resistors. 
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2000 
39.8kn 


V,N 
CDAC (High Impedance) 


(0.312SV to 2.812SV) 


66.Skn 
9.9kn 
20kn 
40kn 


+SV 


tOOo 
+2.SV 


33.2kn 


tOOo 


33.2kn 


tOOo 
IT 


CDAC (High Impedance) 


(0.312SV to 2.812SV) 


20kn 
40kn 


+2.SV 


CDAC (High Impedance) 


(0.312SV to 2.812SV) 


pin 5, the internal reference can be bypassed; REFD (pin 26) 
tied HIGH will power-down 
the internal reference reducing 
the overall power consumption 
of the ADS7806 by approxi- 
mately SmW. 


The internal reference has approximately 
an 8 ppm/"C drift 


(typical) 
and accounts 
for approximately 
20% of the full 


scale error (FSE = ±O.S% for low grade, ±0.2S% for high 
grade). 


The ADS7806 
also has an internal buffer for the reference 


voltage. See Figure 
10 for characteristic 
impedances 
at the 
input 
and output 
of the buffer 
with all combinations 
of 
power down and reference 
down. 


REF (pin 5) is an input for an external reference or the output 
for the internal 2.SV reference. 
A 2.21JF tantalum capacitor 


should be connected as close as possible to the REF pin from 
ground. 
This capacitor 
and the output 
resistance 
of REF 


create a low pass filter to bandlimit noise on the reference. 
Using a smaller value capacitor will introduce more noise to 
the reference, degrading the SNR and SINAD. The REF pin 
should not be used to drive external AC or DC loads. See 
Figure 
10. 


The range for the external 
reference 
is 2.3V to 2.7V and 
detennines 
(/,e actual LSB size. Increasing 
the reference 


voltage will increase the full scale range and the LSB size of 
the converter 
which can improve the SNR. 


PWRDO 
PWRD 0 
PWRDl 
PWRDl 


REFD 0 
REFD 1 
REFD 0 
REFD 1 


Zc",,(o) 
1 
1 
200 
200 


lR" (a) 
6k 
100M 
6k 
100M 


CAP 


CAP (pin 4) is the output of the internal reference buffer. A 
2.21JF tantalum 
capacitor 
should 
be placed 
as close 
as 


possible 
to the CAP pin from ground to provide optimum 


switching currents for the CDAC throughout 
the conversion 
cycle. This capacitor 
also provides 
compensation 
for the 
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output of the buffer. Using a capacitor any smaller than ljAF 
can cause the output buffer to oscillate 
and may not have 
sufficient charge for the CDAC. Capacitor values larger than 
2.2jAFwill have little affect on improving 
performance. 
See 
Figures 
10 and 11. 


The output of the buffer is capable of driving up to lmA of 
current to a DC load. Using an external buffer will allow the 
internal reference 
to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with tlle 
output voltage on CAP. This will cause performance 
degra- 
dation of the converter. 


/ 


f.--- 


4000 
~ 
3000 


1 
10 


"CAP" Pin Value (~F) 


FIGURE 
11. Power-Down 
to Power-Up 
Time vs Capacitor 
Value on CAP. 


REFERENCE 
AND POWER DOWN 


The ADS7806 has analog power down and reference power 
down capabilities 
via PWRD (pin 25) and REFD (pin 26) 
respectively. 
PWRD and REFD HIGH will power down all 
analog circuitry maintaining 
data from the previous conver- 
sion in the internal registers, provided that the data has not 
already 
been shifted 
out through 
the serial port. Typical 
power consumption 
in this mode is 50flW. Power recovery 
is typically 
lms, using a 2.2jAFcapacitor connected to CAP. 
See Figure 
11 for power-down 
to power-up 
recovery 
time 
relative to the capacitor value on CAP. With +5V applied to 
VDIG'the digital circuitry of the ADS7806 remains active at 
all times, regardless 
of PWRD and REFD states. 


PWRD 


PWRD HIGH will power down all of the analog circuitry 
except for the reference. Data from the previous conversion 
will be maintained 
in the internal registers and can still be 
read. With PWRD HIGH, a convert command yields mean- 
ingless data. 


loading effects on the external reference. 
See Figure 10 for 
the characteristic 
impedance 
of the reference 
buffer's 
input 
for both REFD 
HIGH 
and LOW. The internal 
reference 
consumes 
approximately 
5mW. 


For optimum performance, 
tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica-. 
tions, the ADS7806 
uses 90% of its power for the analog 
circuitry. The ADS7806 
should be considered 
as an analog 
component. 


The +5V power for the AID should be separate from the +5V 
used for the system's 
digital logic. Connecting 
VDIG(pin 28) 
directly to a digital supply can reduce converter performance 
due to switching 
noise 
from. the digital 
logic. 
For best 
performance, 
the +5V supply can be produced 
from what- 
ever analog supply is used for the rest of the analog signal 
conditioning. 
If +12Vor+15V 
supplies are present, a simple 
+5V regulator can be used. Although 
it is not suggested, 
if 
the digital supply must be used to power the converter, 
be 
sure to properly 
filter the supply. 
Either 
using a filtered 
digital supply or a regulated 
analog supply, both VOIGand 
VANAshould be tied to the same +5V source. 


GROUNDING 


Three ground pins are present on the ADS7806. 
DGNOis the 
digital supply ground. AnND2is the analog supply ground. 
AGN01is the ground to which all analog signals internal to 
the AID are referenced. 
AnNOl is more susceptible 
to current 
induced 
voltage 
drops 
and must 
have 
the path 
of least 
resistance 
back to the power supply. 


All the ground pins of the AID should be tied to an analog 
ground 
plane, 
separated 
from 
the 
system's 
digital 
logic 
ground, to achieve optimum performance. 
Both analog and 
digital ground planes should be tied to the "system" 
ground 
as near to the power 
supplies 
as possible. 
This helps 
to 
prevent 
dynamic 
digital ground 
currents 
from modulating 
the analog ground through a common 
impedance 
to power 
ground. 


SIGNAL 
CONDITIONING 


The FET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
amount of charge injection due to the sampling FET switch 
on the ADS7806 
is approximately 
5-10% of the amount on 
similar ADCs with the charge redistribution 
DAC (CDAC) 
architecture. 
There is also a resistive front end which attenu- 
ates any charge 
which 
is released. 
The 
end result 
is a 
minimal requirement 
for the drive capability 
on the signal 
conditioning 
preceding 
the AID. Any op amp sufficient for 
the signal in an application 
will be sufficient 
to drive the 
ADS7806. 


REFD HIGH will power down the internal 2.5V reference. 
All other analog circuitry, 
including 
the reference 
buffer, 
will be active. 
REFD 
should 
be HIGH 
when 
using 
an 
external reference 
to minimize 
power consumption 
and tlle 
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INTERMEDIATE 
LATCHES 


The ADS7806 
does have tri-state 
outputs 
for the parallel 
port, but intermediate 
latches should be used if the bus will 
be active during conversions. 
If the bus is not active during 


conversion, 
the tri-state outputs can be used to isolate the 


AID from other peripherals 
on the same bus. 


Intermediate 
latches are beneficial 
on any monolithic 
AID 


converter. The ADS7806 has an internal LSB size of 6101lV. 
Transients 
from fast switching 
signals on the parallel port, 
even when the AID is tri-stated, can be coupled through the 
substrate 
to the analog 
circuitry 
causing 
degradation 
of 


converter performance. 
The effects of this phenomenon 
will 
be more obvious when using the pin-compatible 
ADS7807 


or any of the other 16-bit converters in the ADS Family. This 
is due to the smaller internal LSB size of 381lV. 


aSPI 
INTERFACING 


Figure 
12 shows a simple interface between the ADS7806 
and any QSPI equipped 
microcontroller. 
This interface as- 


sumes that the convert 
pulse does not originate 
from the 
microcontroller 
and that the ADS7806 
is the only serial 
peripheral. 


Before 
enabling 
the QSPI 
interface, 
the microcontroller 
must be configured 
to monitor the slave select line. When a 
transition from LOW to HIGH occurs on Slave Select (SS) 
from BUSY (indicating 
the end of the current conversion), 
the port can be enabled. If this is not done, the microcontroller 
and the and the AID may be "out-of-sync." 


Figure 
13 shows another 
interface 
between 
the ADS7806 


and a QSPI equipped microcontroller. 
The interface allows 


the microcontroller 
to give the convert 
pulses while also 


allowing multiple peripherals 
to be connected 
to the serial 


Convert 
Pulse 
---u- 


I 
RlC 


PCSO/58 
BUSY 


MOSI 
SDATA 


SCK 
DATACLK 
- 
CS 
- 
EXT/INT 


CPOL = 0 (Inactive State is LOW) 
- 
BYTE 


CPHA = 1 (Data valid on falling edge) 
aSPI port is in slave mode. 
'\ 
7 


_____--.r-~ 
~ 
uu,-,J.v,,",vuuVUCl 
l~ ll~U 
[0 [ne 


MSB 
(07) 
of the ADS7806 
instead 
of the serial output 


(SDATA). Using 07 instead of the serial port offers tri-state 
capability which allows other peripherals 
to be connected to 


the MISa pin. When communication 
is desired with those 
peripherals, 
PCSO and PCS I should be left HIGH; that will 
keep 07 
tri-stated and prevent 
a conversion 
from taking 


place. 


In this configuration, 
the QSPI interface is actually set to do 
two different serial transfers. The first, an eight bit transfer, 
causes PCSO (R/C) and PCS I (CS) to go LOW starting a 
conversion. 
The second, a twelve bit transfer, 
causes only 


PCSI 
(CS) to go LOW. This is when the valid data will be 


transferred. 


FIGURE 
13. QSPI Interface 
to the ADS7806. 
Processor 
Initiates Conversions. 


For both transfers, 
the DT register (delay after transfer) 
is 
used to cause a 19J1Sdelay. The interface 
is also set up to 
wrap to the beginning of the queue. In this manner, the QSPI 
is a state machine which generates the appropriate timing for 
the ADS7806. This timing is thus locked to the crystal based 
timing of the microcontroller 
and not interrupt 
driven. So, 


this interface 
is appropriate 
for both AC and DC measure- 
ments. 


For the fastest conversion rate, the baud rate should be set to 
two (4.l9MHz 
SCK), DT set to ten, the first serial transfer 


set to eight bits, the second set to twelve bits, and DSCK 
disabled (in the command control byte). This will allow for 
a 23kHz maximum 
conversion 
rate. For slower rates, DT 
should be increased. Do not slow SCK as this may increase 
the chance of affecting the conversion 
results or accidently 


initiating 
a second 
conversion 
during 
the first eight 
bit 
transfer. 
In addition, CPOL and CPHA should be set to zero (SCK 
normally 
LOW and data captured on the rising edge). The 


command control byte for the eight bit transfer should be set 
to 20H and for the twelve bit transfer to 61H. 
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I he :SPI illtertace 
IS generally 
only capable 
of 8-bit data 


transfers. 
For some microcontrollers 
with SPI interfaces, 
it 
might be possible 
to receive 
data in a similar 
manner 
as 


shown 
for 
the 
QSPI 
interface 
in 
Figure 
12. 
The 
microcontroller 
will need to fetch the 8 most significant bits 


before the contents 
are overwritten 
by the least significant 
bits. 


A modified version of the QSPI interface shown in Figure 13 
might be possible. For most microcontrollers 
with SPI inter- 
face, the automatic 
generation 
of the start-of-conversion 
pulse will be impossible 
and will have to be done with 
software. This will limit the interface to 'DC' 
applications 


due to the insufficient jitter performance 
of the convert pulse 
itself. 


DSP56000 
INTERFACING 


The DSP56000 
serial interface 
has an SPI compatibility 
mode with some enhancements. 
Figure 
14 shows an inter- 
face between the ADS7806 and the DSP56000 which is very 
similar to the QSPI interface 
seen in Figure 
12. As men- 


tioned 
in the QSPI section, 
the DSP56000 
must be pro- 


grammed 
to enable 
the interface 
when a LOW to HIGH 
transition on SCI is observed (BUSY going HIGH at the end 
of conversion). 
The DSP56000 can also provide the convert pulse by includ- 
ing a monostable 
multi-vibrator 
as seen in Figure 
15. The 
receive and transmit sections of the interface are decoupled 
(asynchronous 
mode) 
and the transmit 
section 
is set to 


generate 
a word 
length 
frame 
sync every 
other transmit 


frame (frame rate divider set to two). The prescale modulus 
should be set to five. 


The monostable 
multi-vibrator 
in this circuit will provide 
varying pulse widths for the convert pulse. The pulse width 
will be determined 
by the external R and C values used with 
the multi-vibrator. 
The 74HCTI23N 
data sheet shows that 


LU Ult: minimum 
value specmea 
ill mls aata Sheet wltl otter 
the best performance. 
See the Starting 
A Conversion 
sec- 
tion of this data sheet for details on the conversion 
pulse 
width. 


The maximum 
conversion 
rate for a 20.48MHz 
DSP56000 
is 35.6kHz. 
If a slower oscillator 
can be tolerated 
on the 
DSP56000, 
a conversion 
rate of 40kHz can be achieved by 
using a 19.2MHz clock and a prescale modulus 
of four. 


Convert 
Pulse 
LJ 


SYN • 0 (Asychronous) 
BYTE 
GCK • 1 (Gated clock) 
SCD1 .0 
(SC1 is an input) 
SHFD • 0 (Shift MSB first) 
WL1 • 0 
WLO. 
1 
(Word length = 12 bits) 


RIG 


BUSY 


SDATA 


cs 


EXT/INT 


DATACLK 


SDATA 


CS 


EXT/INT 


BYTE 


SYN = 0 (Asychronous) 
GCK = 1 (Gated clock) 
SCD2 • 1 (SC2 is an output) 
SHFD = 0 (Shift MSB first) 
WL 1 - 0 
WLO - 
1 
(Word 
length _ 16 bit~) 
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Low-Power 16-Bit Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 


• 
35mW max P-OWER DISSIPATION 


• 
5011W POWER DOWN MODE 


• 
2511s max ACQUISITION 
AND 
CONVERSION 


• 
±1.5LSB 
max INL 


• 
DNL: 16 bits "No Missing 
Codes" 


• 
86dB min SINAD WITH 1kHz INPUT 


• 
±10V, OV TO +5V, AND OV TO +4V INPUT 
RANGES 


• 
SINGLE +5V SUPPLY 
OPERATION 


• 
PARALLEL 
AND SERIAL 
DATA OUTPUT 


• 
PIN-COMPATIBLE 
WITH 12-BIT ADS7806 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


The ADS7807 
is a low-power, 
l6-bit, 
sampling 
AID 
using state-of-the-art 
CMOS structures. 
It contains 
a 
complete 16-bit, capacitor-based, 
SAR AID with SIH, 


clock, 
reference, 
and microprocessor 
interface 
with 


parallel and serial output drivers. 


The 
ADS7807 
can acquire 
and convert 
l6-bits 
to 


within ±1.5LSB 
in 25~ 
max while consuming 
only 


35mW max. Laser-trimmed 
scaling resistors provide 
standard 
industrial 
input ranges of ± lOV and OV to 


+5V. In addition, a OV to +4V range allows develop- 
ment of complete 
single supply systems. 


The 28-pin ADS7807 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C 
to +85°C temperature 
range. 


BUSY 


Parallel 
Serial Data 


and 
Clock 


Serial 


Data 
Serial Data 


Out 
Parallel Data 


Reference 
Power 
Down 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ADS7807P, 
U 
ADS7807PB, 
UB 
f' 


,. 
0 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
co 


RESOLUTION 
16 
Bits 
f'en 
ANALOG 
INPUT 
0 
Voltage Ranges 
±10, 0 to +5, 0 to +4 
V 
« 
Impedance 
(See Table II) 


Capacitance 
" 
35 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
20 
)1s 
Complete 
Cycle 
Acquire 
and Convert 
25 
IlS 
Throughput 
Rate 
40 
kHz 
en 
DC ACCURACY 
Integral 
Linearity 
Error 
±3 
±1.5 
LSBll} 
I- 


Differential 
Linearity 
Error 
+3, -2 
+1.5, -1 
LSB 
Z 


No Missing 
Codes 
15 
16 
Bits 
W 
Transition 
Noise(2) 
0.8 
LSB 
Z 
Gain Error 
±0.2 
±C.1 
% 
0 
Full Scale 
Erro,.<3.4) 
±0.5 
±0.25 
% 


Full Scale 
Error Drift 
±7 
±5 
ppm/oC 
0- 


Full Scale Erro~3.4) 
Ext. 2.5000V 
Ref 
±0.5 
±0.25 
% 
== 
Full Scale Error Drift 
Ext. 2.5000V 
Ref 


, 


±0.5 
ppm/oC 
Bipolar 
Zero 
Error(3) 
±10V Range 
±10 
mV 
0 


Bipolar 
Zero 
Error Drift 
±10V Range 
±0.5 
ppml"C 
0 
Unipolar 
Zero 
Error(3) 
OV to 5V, OV to 4V Ranges 
±3 
mV 
Z 
Unipolar 
Zero 
Error Drift 
OV to 5V, OV to 4V Ranges 
±0.5 
ppml"C 
Recovery 
Time 
to Rated 
Accuracy 
2.2~F Capacitor 
to CAP 
1 
ms 
0 


from 
Power 
Down(5) 
~ 
Power Supply Sensitivity 
+4.75V < Vs < +5.25V 
±8 
LSB 


(VOIG 
- V""" 
- Vsl 
en 
ACACCURACY 
::» 
Spurious-Free 
Dynamic 
Range 
fiN = 1kHz, ±10V 
90 
100 
96 
dBI') 


Total 
Harmonic 
Distortion 
fiN = 1kHz, ±10V 
-100 
-90 
-96 
dB 
0 
Signal·to·(Noise+Distortion) 
fiN = 1kHz, ±10V 
83 
88 
86 
dB 
0 
-j)OdB 
Input 
30 
32 
dB 
« 
Signal-la-Noise 
fiN = 1kHz, ±10V 
83 
88 
86 
dB 
Usable Bandwidthl') 
130 
kHz 
~ 
Full Power Bandwidth 
(--3dB) 
. 
600 
kHz 


SAMPLING 
DYNAMICS 
« 
Aperture 
Delay 
40 
ns 
0 
Aperture 
Jitter 
20 
ps 
en 
Transient 
Response 
FS Step 
5 
IlS 
Overvollage 
Recoveryl') 
750 
ns 
a: 


REFERENCE 
W 
Internal 
Reference 
Voltage 
No Load 
2.48 
2.5 
2.52 
V 
~ 
Internal 
Reference 
Source 
Current 
1 
~ 
a: 


(Must use extemal 
buffer.) 
W 
Internal 
Reference 
Drift 
8 
ppml"C 
> 
External 
Reference 
Voltage 
Range 
2.3 
2.5 
2.7 
V 
for Specified 
Linearity 
Z 
External 
Reference 
Current 
Drain 
Ext. 2.5000V Ref 
100 
~A 
0 


DIGITAL 
INPUTS 
0 
Logic Levels 
0 
V,L 
-{).3 
+0.8 
V 
V,H 
+2.0 
Vo +O.3V 
V 
< 
I'L 
V1L:: 
OV 
±10 
~ 
I'H 
V,H = 5V 
±10 
~ 


DIGITAL 
OUTPUTS 
Parallel 16 bits in 2,bytes; 
Serial 


Data 
Format 
Binary 
Two's 
Complement 
or Straight 
Binary 


Data Coding 


Vr:>" 
IS1NK:: 
1.6mA 
+0.4 
V 
VQH 
'SOURCE : 500~ 
+4 
V 
Leakage 
Current 
High-Z State, 
±5 
~ 
Vour: 
OV to VOIG 
Output 
capaCitance 
High,Z State 
15 
pF 
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ADS7807P. 
U 
ADS7807PB, 
UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
TIMING 
Bus Access Time 
RL = 3.3kn, 
CL = SOpF 
83 
ns 


Bus Relinquish 
Time 
RL • 3.3kn, 
CL 
• 
10pF 
83 
ns 


POWER SUPPLIES 
Specified 
Performance 


VOIG 
Must be ~ V_ 
+4.75 
+5 
+5.25 
V 


VANA 
+4.75 
+5 
+5.25 
V 
IOIG 
0.6 
mA 
IANA 
5.0 
mA 


Power Dissipation 
VAN' = VOIG = 5V, Is = 40kHz 
28 
35 
mW 


REFD HIGH 
23 
mW 


PWRD and REFD HIGH 
50 
IJ.W 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
'C 


Derated Performance 
-55 
+125 
'C 
Storage 
-65 
+150 
'C 


Thermal 
Resistance 
(8J.) 


Plastic DIP 
75 
'CIW 
SOIC 
75 
'CIW 


NOTES: (1) LSB means Least Significant 
Bit. One LSB for the ±10V input range is 305~V. (2) Typical rms noise at worst case transition. 
(3) As measured with 


fixed resistors shown in Figure 7b. Adjustable 
to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed 


deviation from ideal first and last code transitions, 
divided by the transition voltage (not divided by the full-scale 
range) and includes the effect of offset error. (5) 


This is the time delay after the ADS7807 
is brought out of Power Down Mode until all internal settling occurs and the analog input is acquired to rated accuracy. 


A Convert Command 
after this delay will yield accurate results. (6) All specifications 
in dB are referred to a full-scale input. (7) Usable Bandwidth 
defined as Full- 
Scale input frequency 
at which Signal-to-(Noise 
+ Distortion) degrades to 60dB. (8) Recovers to specified 
performance 
after 2 x FS input overvoltage. 


Analog Inputs: R1'N 
±25V 
R2'N 
±25V 


CAP 
V_ 
+0.3V to AGND2 -o.3V 


REF. 
. 
. 
Indefinite Short to AGND2, 


Momentary Short to VANA 
Ground Voltage Differences: 
DGND, AGND1, and AGND2 
±0.3V 


V_........................ 
. 
7V 


VOIG to VANA 
••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••• 
+O.3V 
V01G .•• ••••• •••.•• ••••• ••• ••• ••••• •••.•• •••••. ••• •••••.••.•• 
•••••. •••••.•• 
••••• 
•••••.•• 7V 
Digitallnpuls 
. 
. 
-o.3V 
to V01G +0.3V 


Maximum Junction Temperature 
+165°C 


Internal Power Dissipation. 
. 
825mW 


Lead Temperature 
(soldering, 
10s) 
+300'C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 


performance 
degradation 
to complete 
device failure. Burr- 


Brown Corporation 
recommends 
that this integrated 
circuit 


be handled 
and stored 
using 
appropriate 
ESD protection 


methods. 


MAXIMUM 
GUARANTEED 
MINIMUM 


INTEGRAL 
NO MISSING 
SIGNAL-TO- 
SPECIFICATION 
LINEARITY 
CODE LEVEL 
(NOISE + DISTORTION) 
TEMPERATURE 
MODEL 
ERROR (LSB) 
(LSB) 
RATIO (dB) 
RANGE 
PACKAGE 


ADS7807P 
±3 
15 
83 
-40'C 
to +85'C 
Plastic DIP 


ADS7807PB 
±1.5 
16 
86 
-40'C 
to +85'C 
Plastic DIP 


ADS7807U 
±3 
15 
83 
-40"<: to +85"<: 
SOIC 


ADS7807UB 
±1.5 
16 
86 
-40'C 
to +85'C 
SOIC 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!'! 


ADS7807P 
Plastic DIP 
246 


ADS7807PB 
Plastic DIP 
246 
ADS7807U 
SOIC 
217 


ADS7807UB 
SOIC 
217 
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1 
R11N 
2 
AGND1 
3 
R21N 
4 
CAP 
5 
REF 
6 
AGND2 
7 
SBIBTC 
I 
8 
EXTIINT 
I 
9 
07 
0 


10 
06 
0 
11 
05 
0 
12 
04 
0 
13 
03 
0 
14 
DGND 
15 
02 
0 
16 
01 
0 
17 
DO 
0 
18 
DATACLK 
110 
19 
SDATA 
0 
20 
TAG 
I 
21 
BYTE 
I 
22 
RiG 
I 


23 
CS 


24 
BUSY 
0 


25 
PWRD 
26 
REFD 
27 
VANA 
28 
VOIG 


Analog Input. See Figure 7. 
Analog Sense Ground. 
Analog Input. See Figure 7. 
Reference 
Buffer Output. 2.2~F tantalum capacitor to ground. 
Reference 
InpuVOutput. 2.2J.l.Ftantalum capacitor to ground. 
Analog Ground. 
Selects Straight Binary or Binary Two's Complement 
for Outpul Data Format. 


External/Internal 
data clock select. 


Data Bit 7 if BYTE is HIGH. Data bit 15 (MSB) if BYTE is LOW. Hi-Z when CS is HIGH andlor RIG is LOW. Leave 
unconnected 
when using serial output. 


Data Bit 6 if BYTE is HIGH. Data bit 14 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIG is LOW. 
Data Bit 5 if BYTE is HIGH. Data bit 13 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIG is LOW. 
Data Bit 4 if BYTE is HIGH. Data bit 12 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIG is LOW. 
Data Bit 3 if BYTE is HIGH. Data bit 11 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. 
Digital Ground. 
Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIG is LOW. 
Data Bit 1 if BYTE is HIGH. Data bit 9 if BYTE is LOW. Hi-Z when CS is HIGH andlor RlC is LOW. 
Data Bit 0 (LSB) if BYTE is HIGH. Data bit 8 if BYTE is LOW. Hi-Z when CS is HIGH andlor 
RiG is LOW. 
Data Clock Output when EXTIINT is LOW. Data clock input when EXTIINT is HIGH. 
Serial Output Synchronized 
to DATACLK. 


Serial Input When Using an External Data Clock. 
Selects 8 most significant 
bits (LOW) or 8 least signilicant 
bits (HIGH) on parallel output pins. 


With CS LOW and BUSY HIGH, a Falling Edge on RIG Initiates a New Conversion. 
With CS LOW, a rising edge on RIG 
enables the parallel output. 
Internally OR'd with RIG. If RlC is LOW, a falling edge on CS initiates a new conversion. 
If EXT/INT is LOW, this same 
falling edge will start the transmission 
of serial data results from the previous conversion. 


At the start of a conversion, 
BUSY goes LOW and stays LOW until the conversion 
is completed 
and the digital outputs 
have been updated. 
PWRD HIGH shuts down all analog circuitry except the reference. 
Digital circuitry remains active. 
REFD HIGH shuts down the internal reference. 
External reference will be required for conversions. 
Analog Supply. Nominally +SV. Decouple with O.1~F ceramic and 1O~F tantalum capacitors. 
Digital Supply. Nominally +SV. Connect directly to pin 27. Must be :5 VANA' 


ANALOG 
CONNECT 
Rl'N 
CONNECT 
R2'N 
INPUT 
VIA 200n 
VIA lOOn 
RANGE 
TO 
TO 
IMPEDANCE 


±10V 
V,N 
CAP 
45.7kil 


OV to 5V 
AGND 
V,N 
20.0kil 


OV to 4V 
V,N 
V,N 
21.4kil 


The information 
provided 
herein is believed to be reliable; however, 
BUI~R-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 


assumes 
no responsibility 
for the use of this 
information, 
and 
all use of such 
information 
shall 
be entirely 
at the 
user's 
own 
risk. 
Prices 
and 
specif\calions 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 
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Input Signal Frequency (Hz) 
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~ 
II: 
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~ 
95 
«z 
Ui 
90 
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~ 
85 


-110 
25 
50 
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Temperature 
(OC) 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CUBVES (CO NT) 
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3 
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2 
~ 
1 
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Figure 
la) shows a basic circuit to operate the ADS7807 


with a ±IOV input range and parallel 
output. Taking 
R/C 


(pin 22) LOW 
for a minimum 
of 40ns (12115max) will 
initiate a conversion. 
BUSY (pin 24) will go LOW and stay 


LOW 
until 
the conversion 
is completed 
and the output 
register is updated. 
If BYTE (pin 21) is LOW, the 8 most 
significant 
bits will be valid when BUSY rises; if BYTE is 


HIGH, the 8 least significant 
bits will be valid when BUSY 
rises. Data will be output 
in Binary 
Two's 
Complement 
format. BUSY going HIGH can be used to latch the data. 
After the first byte has been read, BYTE can be toggled 
allowing 
the remaining 
byte to be read. All convert com- 
mands will be ignored while BUSY is LOW. 


The ADS7807 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
25115between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 


and gain will be corrected in software (refer to the Calibra- 
tion section). 


SERIAL OUTPUT 


Figure 
Ib) shows a basic circuit to operate 
the ADS7807 
with a ±IOV input range and serial output. Taking R/C (pin 
22) LOW for 40ns (12115max) will initiate a conversion and 


FIGURE 
la. Basic ±IOV Operation, both Parallel and Serial 
Output. 


VAl ACLK (pin 18). BUSY (pin 24) will go LOW and stay 
LOW until the conversion 
is completed 
and the serial data 


has been transmitted. 
Data will be output in Binary Two's 


Complement 
format, MSB first, and will be valid on both the 


rising 
and falling 
edges 
of the data clock. 
BUSY 
going 


HIGH can be used to latch the data. All convert commands 
will be ignored while BUSY is LOW. 


The ADS7807 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
25115between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 


and gain will be corrected in software (refer to the Calibra- 
tion section), 


The combination 
of CS (pin 23) and R/C (pin 22) LOW for 
a minimum of 40ns puts the sample/hold 
of the ADS7807 in 
the hold state and starts conversion 
'n', BUSY (pin 24) will 


go LOW and stay LOW until conversion 
'n' 
is completed 


and the internal output register has been updated. 
All new 
convert commands 
during BUSY LOW will be ignored. CS 


and/or R/C must go HIGH before BUSY goes HIGH or a 
new conversion 
will be initiated without sufficient 
time to 


acquire a new signal. 
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The ADS7807 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
25~ 
between 
convert 
com- 
mands assures accurate acquisition of a new signal. Refer to 
Tables III and IV for a summary 
of CS, R/C, and BUSY 
states and Figures 2 through 6 for timing diagrams. 


CS 
RlC 
BUSY 
OPERATION 


1 
X 
X 
None. Oatabus is in Hi-Z slale. 


J. 
0 
1 
Initiates conversion 
MO". 
Databus remains 
in Hi-Z state. 


0 
J. 
1 
Initiates conversion 
"n". Databus enters Hi-Z 
state. 


0 
1 
r 
Conversion 
"n" completed. 
Valid data from 
conversion 
"0" on the databus. 


J. 
1 
1 
Enables databus with valid data from 
conversion 
"n". 


J. 
1 
0 
Enables databus with valid data from 
conversion 
"n-1"(1). Conversion 
n in progress. 


0 
r 
0 
Enables databus with valid data from 
conversion 
"n-1"(1). Conversion 
"n" in progress. 


0 
0 
r 
New conversion 
initiated without acquisition 
of.! 
new signaL Data will be invalid. CS and/or 
RlC must be HIGH when BUSY goes HIGH. 


X 
X 
0 
New convert commands 
ignored. Conversion 


"nn in progress. 


NOTE: 
(1) 
See 
Figures 
2 and 
3 
for 
constraints 
on data 
valid 
from 
conversion 
~n-1". 


Table III. Control 
Functions 
When Using Parallel 
Output 


(DATACLK 
tied LOW, EXT/INT 
tied HIGH). 


CS and R/C are internally OR'd 
and level triggered. 
There 


is not a requirement 
which 
input goes LOW 
first when 


initiating a conversion. 
If, however, 
it is critical that CS or 


R/C initiates conversion 
'n', be sure the less critical input is 


LOW at least iOns prior to the initiating input. If EXT/INT 
(pin 8) is LOW when initiating 
conversion 
on', serial data 


from conversion 
'n-l' 
will be output on SDATA 
(pin 19) 


following 
the star! of conversion 
'n'. 
See Internal 
Data 


Clock in the Reading 
Data section. 


To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. This will 
have no effect when using the internal data clock in the serial ~ 
output mode. However, 
the parallel 
output 
and the serial"- 
output 
(only when using an external 
data clock) 
will be 
affected whenever 
R/C goes HIGH. Refer to the Reading 


Data section. 


The ADS7807 
outputs 
serial 
or parallel 
data in Straight 


Binary or Binary Two's Complement 
data output format. If 


SB/BTC (pin 7) is HIGH, the output will be in SB format, 
and if LOW, the output will be in BTC format. 
Refer to 


Table V for ideal output codes. 


The parallel output can be read without affecting the internal 
output registers; however, reading the data through the serial 


CS 
RlC 
BUSY 
EXTnNT 
DATACLK 
OPERATION 


J. 
0 
1 
0 
Output 
Initiates conversion 
~n". Valid data from conversion 
~n-1" clocked out on SDATA. 


0 
J. 
1 
0 
Output 
Initiates conversion 
~n". Valid data from conversion 
~n·1" clocked out on SDATA. 


J. 
0 
1 
1 
Input 
Initiates conversion 
IOn".Internal clock still runs conversion 
process. 


0 
J. 
1 
1 
Input 
Initiates conversion 
~n". Internal clock still runs conversion 
process. 


J. 
1 
1 
1 
Input 
Conversion 
~n" completed. 
Valid data from conversion 
"nn clocked out on SOATA synchronized 
to external data clock. 


J. 
1 
0 
1 
Input 
Valid data from conversion 
"n-1" output on SDATA synchronized 
to external data clock. 


Conversion 
~n" in progress. 


0 
i 
0 
1 
Input 
Valid data from conversion 
"n-1" output on SDATA synchronized 
to external data clock. 


Conversion 
~n" in progress. 


0 
0 
i 
X 
X 
New conversion 
initiated without acquisition of a new signaL Data will be invalid. CS andior RlC 


must be HIGH when BUSY goes HIGH. 


X 
X 
0 
X 
X 
New convert commands 
ignored. Conversion 
~n" in progress. 


NOTE: (1) See Figures 4,5, 
and 6 for constraints 
on data valid from conversion 
~n·1". 


DE""RIPTION 
ANALnnlNPIIT 
DIGITAL 
OUTPUT 


Full-Scale 
Range 
±10 
OV to 5V 
OV to 4V 
BINARY TWO'S COMPLEMENT 
STRAIGHT 
BINARY 


Least 
Significant 
Bit (LSB) 
305~V 
76~V 
61~V 
(SBIBTC 
LOW) 
(SBIBTC 
HIGH) 


HEX 
HEX 


BINARY CODE 
CODE 
BINARY CODE 
CODE 


+Full 
Scale (FS - 
1LSBI 
9.999695V 
4.999924V 
3.999939V 
01111111 
1111 
1111 
7FFF 
1111111111111111 
FFFF 


Midscale 
OV 
2.5V 
2V 
0000 
0000 
0000 
0000 
0000 
1000 
0000 
0000 
0000 
8000 


One 
lSB 
Below 
Midscale 
-305~V 
2.499924V 
1.999939V 
1111 
1111 
1111 
1111 
FFFF 
0111111111111111 
7FFF 


-Full 
Scale 
-1OV 
OV 
OV 
1000 
0000 
0000 
0000 
8000 
0000 
0000 
0000 
0000 
0000 
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port will shift the internal output registers one bit per data 
clock pulse. As a result, data can be read on the parallel port 
prior to reading 
the same data on the serial port, but data 


cannot be read through the serial port prior to reading the 
same data on the parallel port. 


PARALLEL 
OUTPUT 


To use the parallel output, tie EXT/INT 
(pin 8) HIGH and 
DATACLK 
(pin 18) LOW. SDATA (pin 19) should be Ie.!! 
unconnected. 
The parallel output will be active when R/C 
(pin 22) is HIGH 
and CS (pin 23) is LOW. 
Any other 
combination 
of CS and R/e will tri-state the parallel output. 


Valid conversion 
data can be read in two 8-bit bytes on D7- 
DO (pins 9-13 and 15-17) . When BYTE (pin 21) is LOW, 
the 8 most significant bits will be valid with the MSB on D7. 
When BYTE is HIGH, the 8 least significant 
bits will be 
valid with the LSB on DO. BYTE can be toggled to read both 
bytes within one conversion 
cycle. 


Upon 
initial 
power 
up, the parallel 
output 
will contain 
indeterminate 
data. 


PARALLEL 
OUTPUT 
(After a Conversion) 


After conversion 
'n' 
is completed 
and the output registers 
have been updated, BUSY (pin 24) will go HIGH. Valid data 
from conversion 
'n' will be available on D7-DO (pins 9-13 
and 15-17). BUSY going high can be used to latch the data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 


PARALLEL 
OUTPUT 
(During a Conversion) 


After 
conversion 
'n' 
has been 
initiated, 
valid 
data from 
conversion 
'n-l' 
can be read and will be valid up to 12~ 
after the start of conversion 
'n'. Do not attempt to read data 
beyond 
121lSafter the start of conversion 
'n' 
until BUSY 
(pin 24) goes HIGH; this may result in reading invalid data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 


Acquire 
Convert 
t,,-I 


Hi.Z 
High Byte 
I~lg 
I 
Valid 
-i-I" 


~-YII-I, 
}- 
• 
BUSY 
----t. ---- 
~~I 


BURR-BROWNe 


Burr-Brown IeData Book-Mixed 
Signal Products 
11:11:11 


Data can be clocked out with the internal data clock or an 
external 
data clock. When using serial output, be careful 
with the parallel outputs, D7-DO (pins 9-13 and 15-17), as 
these pins will come out of Hi-Z state whenever CS (pin 23) 
is LOW and RjC (pin 22) is HIGH. The serial output can not 
be tri-stated and is always active. Refer to the Applications 
Information 
section for specific serial interfaces. 


Convert Pulse Width 


Data Valid Delay after RlC LOW 


BUSY Delay from 
Start at Conversion 


BUSY LOW 


BUSY Delay after 
End of Conversion 


Aperture Delay 


Conversion 
Time 


Acquisition Time 


Bus Relinquish Time 


BUSY Delay after Dafa Valid 


Previous Data Valid 
atter Start of Conversion 


Bus Access Time and BYTE Delay 


Start at Conversion 
to DATACLK 
Delay 


DATACLK Period 


Dala Valid to DATACLK 


HIGH Delay 


Data Valid after DATACLK 
LOW Delay 


EXfemal DATACLK 
Period 


EXfernal DATACLK 
LOW 


EXfernal DATACLK 
HIGH 


CS and RlC to External 
DATACLK Setup Time 


RIG to CS Setup Time 


Valid Data after DATACLK 
HIGH 


Throughput 
Time 


MIN 
TYP 
MAX 
UNITS 


0.04 
12 
~s 


19 
20 
~s 


85 
ns 


19 
20 
~s 


90 
ns 


40 


19 
20 


5 


10 
83 


20 
60 


12 
19 


83 


1.4 


1.1 


20 
75 


400 
600 


100 


40 


50 


25 


10 


25 


TABLE 
VI. Conversion 
and Data Timing. T A = -40°C 
to 
+85°C. 


INTERNAL 
DATA 
CLOCK 
(During 
a Conversion) 


To use the internal data clock, tie EXT/INT 
(pin 8) LOW. 


The combination 
of R/C (pin 22) and CS (pin 23) LOW will 
initiate conversion 
'n' 
and activate the internal data clock 
(typically 900kHz clock rate). The ADS7807 
will output 16 
bits of valid 
data, MSB 
first, 
from conversion 
'n-I' 
on 
SDATA (pin 19), synchronized 
to 16 clock pulses output on 
DATACLK 
(pin 18). The data will be valid on both the 
rising and falling edges of the internal data clock. The rising 
edge of BUSY (pin 24) can be used to latch the data. After 
the 16th clock pulse, DATACLK will remain LOW until the 
next conversion 
is initiated, while SDATA will go to what-" 


ever logic level was input on TAG (pin 20) during the first" 
clock pulse. Refer to Table VI and Figure 4. 


EXTERNAL 
DATA 
CLOCK 


To use an external data clock, tie EXT/INT (pin 8) HIGH. The 
external data clock is not a conversion clock; it can only be 
used as a data clock. To enable 
the output 
mode of the 
ADS7807, CS (pin 23) must be LOW and R/C (pin 22) must 
be HIGH. DATACLK must be HIGH for 20% to 70% of the 
total data clock period; the clock rate can be between DC and 
IOMHz. Serial data from conversion 
'n' 
can be output on 
SDATA (pin 19) after conversion 'n' is completed or during 
conversion 'n + I'. 


An obvious way to simplify control of the converter is to tie 
CS LOW and use R/C to initiate conversions. 


While this is perfectly 
acceptable, 
there is a possible prob- 
lem when using an external data clock. At an indeterminate 
point from 12~ after the start of conversion 
'n' until BUSY 
rises, the internal logic will shift the results of conversion 
'n' 


into the output register. If CS is LOW, R/C HIGH, and the 
external clock is HIGH at this point, data will be lost. So, 
with CS LOW, either R/C and/or DATACLK 
must be LOW 
during this period to avoid losing valid data. 


BURR· BROWNe 
,E3E3, 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


BURR 
- BROWNII 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
11511511 


\\\\\\\\\ 


_______________ 
I,_B_"_'5_IM_s_B_1L-=r~Bi_tO_I_LS_B_) 
~ __ 
T_ag_O_~ __ 
T_ag_' 
_ 


_____________ 
T_ag_O_~ 
__ 
Ta_g_'~L 
~ 
Tag '6 
Tag 17 I 
Tag \8 


EXTERNAL 
DATA CLOCK 
(After a Conversion) 


After conversion 
'n' 
is completed 
and the output registers 
have been updated, BUSY (pin 24) will go HIGH. With CS 
LOW and RjC HIGH, valid data from conversion 
'n' will be 
output on SDA TA (pin 19) synchronized 
to the external data 
clock input on DATACLK 
(pin 18). The MSB will be valid 
on the first falling edge and the second rising edge of the 
external data clock. The LSB will be valid on the 16th falling 
edge and 17th rising edge of the data clock. TAG (pin 20) 
will input a bit of data for every external clock pulse. The 
first bit input on TAG will be valid on SDA TA on the 17th 
falling edge and the 18th rising edge of DATACLK; 
the 
second input bit will be valid on the 18th falling edge and the 
19th rising edge, etc. With a continuous 
data clock, TAG 


data will be output 
on SDATA 
until the internal 
output 
registers are updated with the results from the next conver- 
sion. Refer to Table VI and Figure 5. 


EXTERNAL 
DATA CLOCK 
(During 
a Conversion) 


After 
conversion 
'n' 
has been initiated, 
valid data from 


conversion 
'n-I' 
can be read and will be valid up to 12ps 
after the start of conversion 
'n'. Do not attempt to clock out 
data from 12ps after the start of conversion 
'n' until BUSY 
(pin 24) rises; this will result in data loss. NOTE: For the 
best 
possible 
performance 
when 
using 
an external 
data 
clock, data should not be clocked out during a conversion. 
The switching 
noise of the asynchronous 
data clock can 


cause digital feedthrough 
degrading 
the converter's 
perfor- 
mance. Refer to Table VI and Figure 6, 


TAG FEATURE 


TAG (Pin 20) inputs serial data synchronized 
to the external 
or internal data clock. 


When using an external data clock, the serial bit stream input 
on TAG will follow the LSB output on SDA TA until the 
internal 
output 
register 
is updated 
with new 
conversion 
results. See Table VI and Figures 5 and 6. 


The logic level input on TAG for the first rising edge of the 
internal data clock will be valid on SDATA after all 16 bits 
of valid data have been output. 


The ADS7807 offers three input ranges: standard ±IOV and 
0-5V, and a 0-4V range for complete, single supply systems. 
Figures 7a and 7b show the necessary circuit connections 
for 
implementing 
each input range and optional offset and gain 
adjust circuitry. 
Offset and full scale error!J) specifications 


are tested and guaranteed 
with the fixed resistors shown in 
Figure 7b. Adjustments 
for offset and gain are described 
in 
the Calibration 
section of this data sheet. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The input impedance, summarized in Table II, results from the 
combination 
of the internal resistor network 
shown on the 


front page of the product data sheet and the external resistors 
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used for each input range (see Figure' 8). The input resistor 
divider 
network 
provides 
inherent 
overvoltage 
protection 
guaranteed to at least ±25V. 


Analog inputs above or below the expected range will yield 
either positive full scale or negative full scale digital outputs 
respectively. 
Wrapping 
or folding 
over for analog 
inputs 
outside the nominal range will not occur. 


HARDWARE 
CALIBRATION 


To calibrate 
the offset and gain of the ADS7807 
in hard- 


ware, install the resistors shown in Figure 7a. Table VII lists 
the hardware trim ranges relative to the input for each input 
range. 


SOFTWARE 
CALIBRATION 


To calibrate 
the offset and gain in software, 
no external 
resistors are required. However, to get the data sheet speci- 
fications for offset and gain, the resistors shown in Figure 7b 
are necessary. 
See the No Calibration 
section 
for more 


OFFSET ADJUST 
GAIN ADJUST 
INPUT RANGE 
RANGE (mV) 
RANGE (mV) 


±10V 
±15 
±60 


o to 5V 
±4 
±30 


o to 4V 
±3 
±30 


TABLE VII. 
Offset and Gain Adjust Ranges for Hardware 
Calibration 
(see Figure 7a). 


details on the external resistors. Refer to Table VIII for the 
range of offset and gain errors with and without the external 
resistors. 


See Figure 7b for circuit connections. 
Note that the actual 
voltage dropped across the external resistors is at least two 
orders of magnitude 
lower than the voltage dropped across 
the internal resistor divider network. This should be consid- 
ered when choosing the accuracy and drift specifications 
of 


the external 
resistors. 
In most applications, 
I% metal-film 
resistors will be sufficient. 


±10V 
G-sv 


200n 
V,N 
R11N 
200n 


R1lN 


2 
AGND1 


AGNDl 


66.5kn 


+5V 
R21N 


V'N~ 
R2lN 
loon 
100n 


CAP 
CAP 


REF 


2.2~F ~ 
5 


REF 


+ 
2.2~F 


AGND2 
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The 
external 
resistors 
shown 
in Figure 
7b may 
not be 


necessary 
in some 
applications. 
These 
resistors 
provide 


compensation 
for an internal 
adjustment 
of the offset and 


gain which 
allows 
calibration 
with a single 
supply. 
Not 


using the external 
resistors 
will result in offset 
and gain 


errors in addition to those listed in the electrical 
specifica- 


tions section. Offset refers to the equivalent 
voltage of the 
digital output when converting 
with the input grounded. 
A 
positive gain error occurs when the equivalent 
output volt- 


age of the digital output is larger than the analog input. Refer 
to Table VIII for nominal 
ranges of gain and offset errors 


with and without the external resistors. Refer to Figure 8 for 
typical shifts in the transfer functions which occur when the 
external resistors 
are removed. 


To further analyze the effects of removing any combination 
of the external resistors, consider Figure 9. The combination 
of the external 
and the internal 
resistors 
form a voltage 


The ADS7807 can operate with its internal2.5V 
reference or~ 


an external reference. 
By applying an external reference 
to"- 


pin 5, the internal reference can be bypassed; REFD (pin 26) 
tied HIGH will power-down 
the internal reference reducing 
(J) 
~Z 
WZoa. 
:Eoozo 
i= 
~:,:)oo 
4( 


~<r:c 


(J)a: 
w 
~a: 
w>zoo 


~ 


divider 
which 
reduces 
the input 
signal 
to a 0.3l25V 
to 
2.8125V input range at the CDAC. The internal resistors are 
laser trimmed 
to high relative 
accuracy 
to meet full scale 


specifications. 
The actual input impedance 
of the internal 
resistor network looking into pin I or pin 3 however, is only 
accurate to ±20% due to process variations. 
This should be 


taken into account when determining 
the effects of removing 
the external resistors. 


INPUT 
OFFSET 
ERROR 
GAIN ERROR 


RANGE 
WI RESISTORS 
WIOUT RESISTORS 
WI RESISTORS 
WIOUT RESISTORS 


(V) 
RANGE (mV) 
RANGE (mV) 
TYP (mV) 
RANGE (% FS) 
RANGE (% FS) 
TYP 


±10 
-10 
~ BPZ ~ 10 
o ~ BPZ ~ 35 
15 
-<l.4 ~ G ~ 0.4 
-<l.3 ~ G ~ 0.5 
+0.05 
0.15 ~ G(ll ~ 0.15 
-<l.1 ~ GIll ~ 0.2 
+0.05 


o to 5 
-3 ~ UPO ~ 3 
-12 
~ UPO ~-3 
-7.5 
-<l.4 ~ G ~ 0.4 
-1.0 
~ G ~ 0.1 
-<l.2 


0.15 ~ G(ll ~ 0.15 
-<l.55 ~ GIll ~ -<l.05 
-<l.2 


o to 4 
-3 ~ UPO ~ 3 
-10.5 
~ UPO ~ -1.5 
-j) 
-<l.4 ~ G ~ 0.4 
-1.0 
~ G ~ 0.1 
-<l.2 


-<l.15 ~ GIll ~ 0.15 
-<l.55 ~ G(11~ -<l.05 
-<l.2 


Note: (1) High Grade. 
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the overall power consumption 
of the ADS7807 by approxi- 
mately 5mW. 


The internal reference has approximately 
an 8 ppmrC 
drift 


(typical) 
and accounts 
for approximately 
20% of the full 


scale error (FSE = ±O.5% for low grade, ±0.25% 
for high 


grade). 


The ADS7807 
also has an internal buffer for the reference 
voltage. See Figure 
10 for characteristic 
impedances 
at the 
input 
and output 
of the buffer 
with all combinations 
of 
power down and reference 
down. 


REF 


REF (pin 5) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2W tantalum capacitor 
should be connected as close as possible to the REF pin from 
ground. 
This capacitor 
and the output 
resistance 
of REF 


create a low pass filter to bandlimit noise on the reference. 
Using a smaller value capacitor will introduce more noise to 
the reference, degrading the SNR and SIN AD. The REF pin 
should not be used to drive external AC or DC loads. See 
Figure 10. 


The range for the external 
reference 
is 2.3V to 2.7V and 
determines 
the actual 
LSB size. Increasing 
the reference 


voltage will increase the full scale range and the LSB size of 
the converter 
which can improve the SNR. 


PWRDO 
PWRDO 
PWRDl 
PWRDl 


REFD 0 
REFD 1 
REFD 0 
REFD 1 


Zc.. (0) 
1 
1 
200 
200 


Z." (0) 
6k 
100M 
6k 
100M 


CAP 


CAP (pin 4) is the output of the internal reference buffer. A 
2.21!F tantalum 
capacitor 
should 
be placed 
as close 
as 


possible 
to the CAP pin from ground to provide 
optimum 
switching currents for the CDAC throughout 
the conversion 
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cycle. This capacitor 
also provides 
compensation 
for the 
output of the buffer. Using a capacitor any smaller than 1J.lF 
can cause the output buffer to oscillate 
and may not have 
sufficient charge for the CDAC. Capacitor values larger than 
2.2J.lF will have little affect on improving performance. 
See 
Figures 
10 and II. 


The output of the buffer is capable of driving up to ImA of 
current to a DC load. Using an external buffer will allow the 
internal reference 
to be used for larger DC loads and AC 


loads. Do not attempt to directly drive an AC load with the 
output voltage on CAP. This will cause performance 
degra- 


dation of the converter. 


I 
I 


! 


I 


i 
I 


/ 


I 


1- --II 


1 
10 


"CAP" Pin Value (~F) 


FIGURE 
II. Power-Down 
to Power-Up Time vs Capacitor 
Value on CAP. 


REFERENCE 
AND POWER DOWN 


The ADS7807 has analog power down and reference power 
down capabilities 
via PWRD (pin 25) and REFD (pin 26) 
respectively. 
PWRD and REFD HIGH will power down all 


analog circuitry maintaining 
data from the previous conver- 
sion in the internal registers, provided that the data has not 
already 
been shifted 
out through 
the serial port. Typical 
power consumption 
in this mode is 50IlW. Power recovery 
is typically 
Ims, using a 2.2J.lF capacitor connected to CAP. 


See Figure 
11 for power-down 
to power-up 
recovery 
time 
relative to the capacitor value on CAP. With +5V applied to 
VDIG' the digital circuitry of the ADS7807 remains active at 
all times, regardless 
of PWRD and REFD states. 


PWRD 


PWRD HIGH will power down all of the analog circuitry 
except for the reference. Data from the previous conversion 
will be maintained 
in the internal registers and can still be 
read. With PWRD HIGH, a convert command yields mean- 
ingless data. 


REFD 


REFD HIGH will power down the internal 2.5V reference. 
All other analog circuitry, 
including 
the reference 
buffer. 


will be active. 
REFD 
should 
be HIGH 
when 
using 
an 
external reference 
to minimize power consumption 
and the 


loading effects on the external reference. 
See Figure 10 for 
the characteristic 
impedance 
of the reference 
buffer's 
input 
for both REFD 
HIGH 
and LOW. 
The internal 
reference 
consumes 
approximately 
5mW. 


For optimum performance, 
tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica-. 
tions, the ADS7807 
uses 90% of its power for the analog 
circuitry. The ADS7807 
should be considered 
as an analog 
component. 


The +5V power for the AID should be separate from the +5V 
used for the system's digital logic. Connecting 
VDIG (pin 28) 
directly to a digital supply can reduce converter performance 
due to switching 
noise 
from 
the digital 
logic. 
For best 
performance, 
the +5V supply can be produced 
from what- 


ever analog supply is used for the rest of the analog signal 
conditioning. 
If + 12V or + 15V supplies are present, a simple 


+5V regulator can be used. Although 
it is not suggested, 
if 
the digital supply must be used to power the converter, 
be 
sure to properly 
filter the supply. 
Either 
using a filtered 
digital supply or a regulated 
analog supply, both VDIG and 
VANA should be tied to the same +5V source. 


GROUNDING 


Three ground pins are present on the ADS7807. 
DGND is the 
digital supply ground. 
~ND2 
is the analog supply ground. 


AGND1 is the ground to which all analog signals internal to 
the AID are referenced. 
~NDI 
is more susceptible 
to current 


induced 
voltage 
drops 
and must 
have 
the path 
of least 
resistance 
back to the power supply. 


All the ground pins of the AID should be tied to an analog 
ground 
plane, 
separated 
from 
the system's 
digital 
logic 
ground, to achieve optimum performance. 
Both analog and 
digital ground planes should be tied to the "system" 
ground 
as near to the power 
supplies 
as possible. 
This helps to 


prevent 
dynamic 
digital ground 
currents 
from modulating 


the analog ground through a common 
impedance 
to power 
ground. 


SIGNAL 
CONDITIONING 


The FET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
amount of charge injection due to the sampling PET switch 
on the ADS7807 
is approximately 
5-10% of the amount on 
similar ADCs with the charge redistribution 
DAC (CDAC) 
architecture. 
There is also a resistive front end which attenu- 
ates any charge 
which 
is released. 
The 
end result 
is a 


minimal requirement 
for the drive capability 
on the signal 
conditioning 
preceding 
the AID. Any op amp sufficient 
for 
the signal in an application 
will be sufficient 
to drive the 
ADS7807. 


BURR-BROWN_ 
I~~I 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


The resistive 
front end of the ADS7807 
also provides 
a 
guaranteed ±25V overvoltage 
protection. 
In most cases, this 
eliminates 
the need for external 
over voltage 
protection 
circuitry. 


INTERMEDIATE 
LATCHES 


The ADS7807 
does have tri-state 
outputs 
for the parallel 
port, but intermediate 
latches should be used if the bus will 
be active during conversions. 
If the bus is not active during 
conversion, 
the tri-state outputs can be used to isolate the 
AID from other peripherals 
on the same bus. 


Intermediate 
latches are beneficial 
on any monolithic 
A/D 
converter. The ADS7807 has an internal LSB size of 38~V. 
Transients 
from fast switching 
signals on the parallel port, 


even when the AID is tri-stated, can be coupled through the 
substrate 
to the analog 
circuitry 
causing 
degradation 
of 


converter 
performance. 


TRANSITION 
NOISE 


Apply a DC input to the ADS7807 and initiate 1000 conver- 
sions. The digital output of the converter will vary in output 
codes due to the internal noise of the ADS7807. This is true 
for all 16-bit SAR converters. The transition noise specifica- 
tion found in the electrical specifications 
section is a statis- 
tical figure 
which 
represents 
the one sigma limit or rms 
value of these output codes. 


Using a histogram to plot the output codes, the distribution 
should appear bell-shaped 
with the peak of the bell curve 
representing 
the nominal output code for the input voltage 
value. The ±Icr, ±2cr, and ±3cr distributions 
will represent 
68.3%, 95.5%, and 99.7% of all codes. Multiplying 
TN by 
6 will yield the ±3cr distribution 
or 99.7% 
of all codes. 
Statistically, 
up to 3 codes could fall outside 
the 5 code 
distribution when executing 1000 conversions. The ADS7807 
has a TN of 0.8 LSBs which yields 5 output codes for a ±3cr 
distribution. 
See Figures 
12 and 13 for 1000 and 10,000 
conversion 
histogram 
results. 


The noise of the converter can be compensated 
by averaging 
the digital codes. By averaging conversion results, transition 
noise will be reduced 
by a factor of I/.,Jn where n is the 
number of averages. 
For example, 
averaging 
four conver- 
sion results will reduce the TN by 1/2 to 0.4 LSBs. Averag- 
ing should only be used for input signals with frequencies 
near DC. 


For AC signals, a digital filter can be used to lowpass filter 
and decimate 
the output 
codes. 
This works 
in a similar 
manner 
to averaging: 
for every 
decimation 
by two, the 
signal-to-noise 
ratio will improve 3dB. 


aSPI INTERFACING 


Figure 14 shows a simple interface between the ADS7807 
and any QSPI equipped 
microcontroller. 
This interface as- 


FIGURE 
12. Histogram 
of 1000 Conversions 
with Input 
Grounded. 


FIGURE 
13. Histogram 
of 10,000 Conversions 
with Input 
Grounded. 


sumes that the convert 
pulse does not originate 
from the 
microcontroller 
and that the ADS7807 
is the only serial 
peripheral. 


Before 
enabling 
the QSPI 
interface, 
the microcontroller 
must be configured 
to monitor the slave select line. When a 
transition from LOW to HIGH occurs on Slave Select (SS) 
from BUSY (indicating 
the end of the current conversion), 
the port can be enabled. If this is not done, the microcontroller 
and the A/D may be "out-of-sync". 
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Figure 
15 shows another 
interface 
between 
the ADS7807 
and a QSPI 
equipped 
microcontroller 
which 
allows 
the 
microcontroller 
to give the convert pulses while also allow- 
ing multiple 
peripherals 
to be connected 
to the serial bu . 
This interface and the following discussion 
assume a master 
clock for the QSPI interface of 16.78MHz. Notice that the 
serial data input of the microcontroller 
is tied to the MSB 
(D7) of the ADS7807 instead of the serial output (SDATA). 
Using D7 instead of the serial port offers tri-state capability 
which allows other peripherals 
to be connected to the MISO 
pin. When communication 
is desired with those peripherals, 


PCSO and PCSI should be left HIGH; that will keep D7 tri- 
stated. 


Convert 
Pulse 
LJ 


pcsoiSS 


MOSI 


RiG 


BUSY 


SDATA 


DATACLK 


CS 


EXTIINT 


BYTE 


CPOL - 0 (Inactive State is LOW) 
CPHA • 1 (Data valid on falling edge) 
aSPI port is in slave mode. 


In this configuration, 
the QSPI interface is actually set to do 
two different serial transfers. The first, an eight bit transfer, 
causes PCSO (Rle) and PCSI 
(CS) to go LOW starting a 
conversion. 
The second, a sixteen bit transfer, causes only 
PCSI 
(CS) to go LOW. This is when the valid data will be 
transferred. 


For both transfers, 
the DT register (delay after transfer) 
is 
used to cause a 19J.lSdelay. The interface 
is also set up to 
wrap to the beginning of the queue. In this manner, the QSPI 
is a state machine which generates the appropriate timing for 
the ADS7807. This timing is thus locked to the crystal based 
timing of the microcontroller 
and not interrupt 
driven. So, 


this interface is appropriate 
for both AC and DC measure- 
ments. 


For the fastest conversion rate, the baud rate should be set to 
two (4.19MHz 
SCK), DT set to ten, the first serial transfer 
set to eight 
bits, 
the second 
set to 16 bits, 
and DSCK 
disabled (in the command control byte). This will allow for 
a 23kHz maximum 
conversion 
rate. For slower rates, DT 
should be increased. Do not slow SCK as this may increase 
the chance of affecting the conversion 
results or accidently 


aSPI 
ADS7807 
+5V 


PCSO 
RiG 
EXT/INT 


PCS1 
cs 
r-- 
0 
SCK 
DATACLK 
CO 


MISO 
D7 (MSB) 
r-- 
tJ) 
C 
c( 


FIGURE 
15. QSPI Interface 
to the ADS7807. 
Processor 
Initiates Conversions. 


initiating 
a second 
conversion 
during 
the first eight 
bit 
transfer. 


In addition, CPOL and CPHA should be set to zero (SCK 
normally 
LOW and data captured 
on the rising edge). The 
command control byte for the eight bit transfer should be set 
to 20H and for the sixteen bit transfer to 61H. 


SPIINTERFACE 


The SPI interface 
is generally 
only capable 
of 8-bit data 
transfers. For some microcontrollers 
with SPI interfaces, 
it 
might be possible 
to receive 
data in a similar 
manner 
as 
shown 
for 
the 
QSPI 
interface 
in 
Figure 
14. 
The 
microcontroller 
will need to fetch the 8 most significant bits 
before the contents 
are overwritten 
by the least significant 
bits. 


A modified version of the QSPI interface shown in Figure 15 
might be possible. For most microcontrollers 
with SPI inter- 
face, the automatic 
generation 
of the start-of-conversion 
pulse 
will be impossible 
and will have to be done with 
software. This will limit the interface to 'DC' 
applications 
due to the insufficient jitter performance 
of the convert pulse 
itself. 


DSP56000 
INTERFACING 


The DSP56000 
serial interface has SPI compatibility 
mode 
with some 
enhancements. 
Figure 
16 shows 
an interface 
between 
the ADS7807 
and the DSP56000 
which 
is very 
similar to the QSPI interface 
seen in Figure 
14. As men- 
tioned 
in the QSPI section, 
the DSP56000 
must be pro- 
grammed 
to enable the interface 
when a LOW to HIGH 
transition on SC I is observed (BUSY going HIGH at the end 
of conversion). 


The DSP56000 can also provide the convert pulse by includ- 
ing a monostable 
multi-vibrator 
as seen in Figure 
17. The 
receive and transmit sections of the interface are decoupled 
(asynchronous 
mode) 
and the transmit 
section 
is set to 
generate 
a word length 
frame 
sync every 
other transmit 
frame (frame rate divider set to two). The prescale modulus 
should be set to three. 
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The monostable 
multi-vibrator 
in this circuit will provide 
varying 
pulse 
widths 
for the 
convert 
pulse. 
The 
pulse 
width will be determined 
by the external 
Rand 
C values 


used with the multi-vibrator. 
The 74HCTl23N 
data sheet 


shows that the pulse width is (0.7) RC. Choosing 
a pulse 


Convert 
Pulse 
lr 


SYN • 0 (Asychronous) 
GCK • 1 (Galed clock) 
SCD1 • 0 (SCl 
is an input) 
SHFD • 0 (Shift MSB first) 
WL1 = 1 
WLO. 
0 
(Word length = 16 bils) 


RlC 


BUSY 


SDATA 


DATACLK 


CS 


EXT/INT 


SYN • 0 (Asychronous) 
GCK • 1 (Gated clock) 
SCD2. 
1 (SC2 is an outpul) 


SHFD = 0 (Shift MSB firsl) 
WL1 = 1 
WLO _ 0 
(Word length = 16 bits) 


width as close to the minimum 
value specified 
in this data 
sheet will offer the best performance. 
See the Starting 
A 
Conversion 
section 
of this data sheet for details 
on the 
conversion 
pulse width. 


The maximum 
conversion 
rate for a 20.48MHz 
DSP56000 
is exactly 
40kHz. 
Note that this will not be the case for 
the 
ADS7806. 
See 
the 
ADS7806 
data 
sheet 
for more 


information. 


DATACLK 


SDATA 
cs 


EXT/INT 


BYTE 
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DEMO BOARD 
AVAILABLE 
See Appendix 
A 


12-Bit 1O~s Serial CMOS Sampling 
ANALOG-ta-DIGITAL 
CONVERTER 


• 
100kHz SAMPLING 
RATE 


• 
72dB SINAD WITH 45kHz INPUT 


• 
±1/2 LSB INL AND DNL 


• 
SIX SPECIFIED 
INPUT RANGES 


• 
SERIAL OUTPUT 


• 
SINGLE +5V SUPPLY OPERATION 


• 
PIN-COMPATIBLE 
WITH 16-BIT ADS7809 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
100mW MAX POWER DISSIPATION 


• 
20-PIN 0.3" PLASTIC DIP AND SOIC 


• 
SIMPLE 
DSP INTERFACE 


The ADS7808 
is a complete 
12-bit sampling analog- 


to-digital 
using state-of-the-art 
CMOS 
structures. 
It 
contains a 12-bit capacitor-based 
SAR AID with SIH, 


reference, 
clock, and a serial data interface. 
Data can 


be output using the internal clock, or can be synchro- 
nized to an external 
data clock. The ADS7808 
also 


provides 
an output synchronization 
pulse for ease of 


use with standard DSP processors. 


The ADS7808 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature 
range. Laser- 
trimmed scaling resistors provide various input ranges 
including 
±lOV and OV to 5V, while an innovative 


design operates from a single +5V supply, with power 
dissipation 
under loomW. 


The 20-pin ADS7808 is available in a plastic 0.3" DIP 
and in an SoIC, both fully specified for operation over 
the industrial 
--40°C to +85°C range. 


Power Down 


• 


BURR-BROWNe 
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SPECIFICATIONS 


ADS7808PIU 
ADS7808PBJUB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
--, 
12 
Bits 


ANALOG 
INPUT 
Voltage Ranges 
±10V, OV to 5V, etc. (See Table I) 
Impedance 
See Table I 
Capacitance 
- 
- 
35 
pF 


THROUGHPUT 
SPEED 
Conversion 
Time 
5.7 
8 
~s 


Complete 
Cycle 
Acquire and Convert 
- 
10 
~s 


Throughput 
Rate 
100 
kHz 
~ 


DC ACCURACY 
Integral Linearity Error 
±O.9 
±O.45 
LSBII) 


Differential 
Linearity 
Error 
±0.9 
±0.45 
LSB 
No Missing Codes 
Guaranteed 
Transition 
Noise(21 
0.1 
LSB 
Full Scale Erro~3.•) 
±O.5 
±0.25 
% 


Full Scale Error Drift 
±7 
±5 
ppnV"C 
Full Scale 
Error<3,4) 
Ext. 2.5000V Ref 
±0.5 
" 
±0.25 
% 


Full Scale Error Drift 
Ext 
2.5000V Ref 
±2 
ppnV"C 
Bipolar Zero Erro,<31 
Bipolar Ranges 
±10 
mV 
Bipolar Zero Error Drift 
Bipolar Ranges 
±2 
. 
±2 
ppnV"C 
Unipolar Zero Error<31 
Unipolar Ranges 
±3 
mV 
Unipolar Zero Error Drift 
Unipolar Ranges 
±2 
ppnV"C 
Recovery to Rated Accuracy 
1~F Capacitor to CAP 
1 
ms 


after Power Down 
Power Supply Sensitivity 
+4.75V < Vo < +S.25V 
±0.5 
LSB 


(VOIG 
: 
VANA: 
Vol 


ACACCURACY 
Spurious-Free 
Dynamic Range 
fIN"" 
45kHz 
80 
90 
dBIS) 


Total Harmonic 
Distortion 
t'N: 
45kHz 
-90 
-ll0 
dB 
Signal-to-(Nois9+Distortion) 
f'N = 45kHz 
70 
73 
72 
dB 
Signal-to-Noise 
fiN""' 45kHz 
70 
73 
72 
dB 
Full-Power 
Bandwidth(61 
250 
kHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
40 
ns 


Aperture Jitter 
Sufficient to meet AC specs 
ns 


Transient 
Response 
FS Step 
2 
~ 


Overvoftage 
Reooveryf'l 
150 
ns 


REFERENCE 
Internal Reference 
Voltage 
No Load 
2.48 
2.5 
2.52 
V 
Internal Reference 
Source Current 
, 
~ 
(Must use external buffer) 


External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
for Specified 
Linearity 
External Reference 
Current Drain 
Ext. 2.5000V 
Ref 
100 
~ 


DIGITAL 
INPUTS 
Logic Levels 


Vil 
--{).3 
+0.8 
V 


V,H 
+2.0 
Vo +0.3V 
V 


I 


III 
VIl: 
OV 
±10 
~ 
I'H 
V'H = 5V 
±10 
~ 


The information 
provided 
herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information. and all uso of such information shall be entIrely at the user's own risk. Prices and specifications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any 
BURR-BROWN 
product for use in life support devices and/or systems. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS (CONT) 


ELECTRICAL 


PARAMETER 


DIGITAL 
OUTPUTS 
Data Format 
Data Coding 
Pipeline Delay 
Data Clock 


Internal 


(Output Only When 
Transmitting 
Data) 


External 


(Can Aun Continually) 


VOl 
VOH 
Leakage Current 


ISINK:: 
1.SmA 


'SOURCE: 
50011A 


High-Z State, 


VOUT= OV to VOIG 


High-Z State 


POWER SUPPLIES 
Specified 
Performance 


VOla 
VANA 
tOIG 
'''A 
Power Dissipation: 
PWRD LOW 
PWAD HIGH 


TEMPERATURE 
RANGE 


Specified 
Pertormance 
Derated Performance 
Storage 
Thermal 
Resistance 
(6JA> 


Plastic DIP 
SOIC 


Serial 12 bits 


Binary Two's Complement 
or Straight Binary 
Conversion 
results only available 
after completed 
conversion. 
Selectable 
for internal or external data clock 
2.3 


10 
MHz 


+0.4 
V 
V 
±5 
~A 


15 
15 
pF 


+5 
+5.25 
V 
+5 
+5.25 
V 
0.3 
mA 
16 
mA 
100 
mW 
50 
~W 


+S5 
·C 


+125 
·C 


+150 
·C 


75 
·CIW 
75 
·CW 


NOTES: (1) LSB means least 
Significant 
Bit. For the ±1 OV input range. one LSB is 4.88mV. (2) Typical rms noise at worst case transitions 
and temperatures. 
(3) 


As measured with fixed resistors in Figure 4. Adjustable 
to zero with external potentiometer. 
(4) For bipolar input ranges, full scale error is the worst case of -Full 


SCale or +Full scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes 
the effect of offset error. For unipolar input ranges, full scale error is the deviation of the last code transition divided by the transition voltage. 
It also includes the 
effect of offset error. (5) All specifications 
in dB are referred to a full-scale ±10V input. (G) Full-Power Bandwidth defined as Full-Scale input frequency at which Signal- 


to (Noise + Distortion) 
degrades to GOdB. (7) Recovers to specified 
performance 
after 2 x FS input overvoltage. 


Analog Inputs: A1 IN 
±25V 


A2'N 
.. 
±25V 
A3'N 
. ±25V 
CAP. 
.. 
VANA+0.3V to AGND2 -{).3V 
AEF .. 
.. 
Indefinite Short to AGND2, 


Momentary 
Short to VANA 


Ground Voltage Differences: 
DGND, AGND2 
±O.3V 
~ 
_.. 
__.. 
__.. 
.. 
__.. 
_ 
_ 
__ .. 
__ _.. 
_ .. 
N 


VOIG to V ANA 
..•.......•..•.....•. 
..•..•.......•..•..•....•..•........... 
+0.3 
VolG.......•.•..• 
..•..•.•.••..•..•.••.•..•....•• 
.....•.. 7V 
Digital Inputs 
-{).3V to VOIO+0.3V 
Maximum Junction Temperature 
+1G5°C 
Internal Power Dissipation 
700mW 
Lead Temperature 
(soldering, 
10s) 
+300·C 


A ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 


formancedegradation 
to complete device failure. Burr-Brown 
Corporation recommends that this integrated circuit be handled 
and stored using appropriate 
ESD protection methods. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


ADS7S0SP 
20-Pin Plastic DIP 
222 
ADS7S0SPB 
20-Pin Plastic DIP 
222 


ADS7S0SU 
20-Pin SOIC 
221 


ADS7S0SUB 
20-Pin SOIC 
221 


MINIMUM 
MAXIMUM 
SIGNAL·To- 
SPECIFICATION 
LINEARITY 
(NOISE + DISTORTION) 
TEMPERATURE 
MODEL 
ERROR (LSB) 
RATIO(dB) 
RANGE (OC) 
PACKAGE 


ADS7S0SP 
±0.9 
70 
--40·C to +S5·C 
20-Pin Plastic DIP 


ADS7S0SPB 
±0.45 
72 
-40°C 
to +85°C 
20-Pin Plastic DIP 
ADS7S0SU 
±0.9 
70 
--4Q·C to +S5·C 
20-Pin SOIC 
ADS7S0SUB 
±0.45 
72 
--40'C to +S5·C 
20-Pin SOIC 
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1 
R1lN 


2 
AGND1 


3 
R21N 


4 
R31N 


5 
CAP 


6 
REF 


7 
AGND2 


8 
SBIBTC 


9 
EXT/INT 


10 
DGND 


11 
SYNC 


12 
DATACLK 


13 
DATA 


14 
TAG 


15 
RIG 


16 
CS 


17 
BUSY 


18 
PWRD 


19 
VANA 


20 
V01G 


Analog 
Input. See 
Table 
I and Figure 4 for input range connections. 


Analog 
Ground. 
Used internally 
as ground 
reference 
point. Minimal 
current flow. 


Analog 
Input. See Table 
I and Figure 4 for input range connections. 


Analog 
Input. See Table 
I and Figure 4 for input range connections. 


Reference 
Buffer Capacitor. 
2.2~F Tantalum 
to ground. 


Reference 
Input/Output. 
Outputs 
internal 
2.5V 
reference. 
Can also be driven by external 
system 
reference. 
In both cases, 


bypass 
to ground with a 2.2j.lF Tantalum 
capacitor. 


Analog 
Ground. 


Select 
Straight 
Binary or Binary Two's 
Complement 
data output format. 
If HIGH, 
data will be output in a Straight 
Binary format. 
If 


LOW, 
data will be output in a Binary Two's 
complement 
format. 


Select External or Internal Clock for transmitting 
data. If HIGH, data will be output synchronized 
to the clock input on DATACLK. 
If 


LOW, 
a convert 
command 
will initiate the transmission 
of the data from the previous 
conversion, 
along with 12 clock pulses output 
on DATACLK. 


Digital Ground. 


Synch Output. If EXT/INT is HIGH, either a rising edge on RlC with CS LOW or a falling edge on CS with RlC HIGH will output a 
pulse on SYNC 
synchronized 
to the external 
DATACLK. 


Either an input or an output depending 
on the EXT/INT level. Output data will be synchronized 
to this clock. If EXT/INT is LOW, 


DATACLK 
will transmit 
12 pulses after each 
conversion, 
and then remain 
LOW 
between 
conversions. 


Serial 
Data 
Output. 
Data will be synchronized 
to DATACLK, 
with the format determined 
by the level of SB/BTC. 
In the external 
clock 


mode, alfer 12-bits of data, the ADS7808 
will output the level input on TAG as long as CS is LOW and RIG is HIGH (see Figure 3.) If 
EXTIINT 
is LOW, 
data will be valid on both the rising and falling edges 
of DATACLK, 
and between 
conversions 
DATA 
will stay at the 


level of the TAG 
input when the conversion 
was started. 


Tag 
Input for use in external 
clock mode. 
If EXTIINT 
is HIGH, 
digital data input on TAG 
will be output on DATA 
with a delay 
of 12 


DATACLK pulses as long as CS is LOW and RIG is HIGH. See Figure 3. 


Read/Convert 
Input. With C§ 
LOW, 
a falling edge 
on RIG puts the internal 
samplelhold 
into the hold state and starts a conversion. 


When 
EXTIINT 
is LOW, 
this also initiates the transmission 
of the data 
results from the previous 
conversion. 
If EXTIINT 
is HIGH, 
a 
rising edge 
on RlC with CS LOW, 
or a falling edge 
on CS with RIG HIGH, 
transmits 
a pulse on SYNC 
and initiates the transmission 
of 


data from the previous 
conversion. 


Chip Select. Internally OR'ed with RIG. 


Busy Output. 
Falls when 
a conversion 
is started, 
and remains 
LOW 
until the conversion 
is completed 
and the data 
is latched 
into the 


output shift register. CS or RlC must be HIGH 
when 
BUSY 
rises, or another 
conversion 
will start without time for signal acquisition. 


Power 
Down 
Input. If HIGH, 
conversions 
are inhibited 
and power consumption 
is significantly 
reduced. 
Results 
from the previous 


conversion 
are maintained 
in the output shift register. 


Analog 
Supply 
Input. Nominally 
+SV. Connect 
directly to pin 20, and decouple 
to ground with 0.1~F ceramic 
and 10~F Tantalum 


capacitors. 


Digital Supply Input. Nominally 
+5V. Connect directly to pin 19. Must be ~ VAN'. 


ANALOG 
CONNECT R1,• 
CONNECT R2,• 
INPUT 
VIA 200n 
VIA 100n 
CONNECT R3,• 
RANGE 
TO 
TO 
TO 
IMPEDANCE 


±10V 
V,. 
AGND 
CAP 
22.9kn 


±5V 
AGND 
V,. 
CAP 
13.3kO 
±3.33 
V,. 
V,. 
CAP 
10.7kO 


OV to 10V 
AGND 
V,. 
AGND 
13.3kO 


OV to 5V 
AGND 
AGND 
V,. 
10.0kO 


OV to 4V 
V,. 
AGND 
V,. 
10.7kO 


TABLE 
I. Input 
Range 
Connections. 
See 
Figure 
4 for 
complete 
information. 


BURR - BROWN. 
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SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


t, 
Convert Pulse Width 
40 
4500 
ns 
-- 
I, 
BUSY Delay 
65 
ns 
I, 
BUSY LOW 
8 
~s 
I. 
BUSY Delay after 
220 
ns 
End of Conversion 


ts 
Aperture Delay 
40 
ns 


t. 
Conversion 
TIme 
5.7 
8 
~s 
I, 
Acquisition Time 
2 
~s 


Ie + t, 
Throughput 
Time 
9 
10 
~s 
I. 
RlC LOW to DATACLK 
Delay 
450 
ns 
I, 
DATACLK 
Period 
440 
ns 


tlO 
Data Valid to DATACLK 
20 
75 
ns 
HIGH Delay 


tit 
Data Valid after 
100 
125 
ns 
DATACLK 
LOW Delay 
I" 
External DATACLK 
Period 
100 
ns 
I" 
External DATACLK 
HIGH 
20 
ns 


tl• 
External DATACLK LOW 
30 
ns 


tIS 
DATACLK 
HIGH 
20 
t12 + 5 
ns 
Setup Time 


t,• 
RlC to CS 
10 
ns 
Setup Time 


t" 
SYNC Delay After 
15 
35 
ns 
DATACLK 
HIGH 
I" 
Data Valid Delay 
25 
55 
ns 
I" 
CS 10 Rising Edge Delay 
25 
ns 


120 
Data Available after CS LOW 
4.5 
~s 


TABLE 
II. Conversion 
and Data Timing 
TA = --40°C to 
+85°C. 


-t 


1 


- 
_ 


CS.RlC~ 


BUSY ~;:::====~Ii.:' 
==~;::::::Jr-(_ 
~-- 
~ 
-,-=I:..s 
""""\,r- 
_ 


MODE ~ 
Convert 
X 
AcqUire 


Ie 
I 
I, 
-- 


SDATA 
~ 
Bit 1 Valid X 
LSB Valid A 


t, 


----yo 


BUSY 
\ 
_ ------t 
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SPECIFIC 
FUNCTION 
- 
- 


BUSY 
EXTnNT 
DATACLK 
PWRD 
SBIBTC 
OPERATION 
CS 
RlC 


Initiate Conversion 
and 
1>0 
0 
1 
0 
Output 
0 
x 
Initiates conversion 
IOn". 
Data from conversion 
"0-1" 
Outpul Data Using 
clocked out on OATA synchronized 
to 12 clock 


Internal Clock 
pulses output on DATACLK. 


0 
1>0 
1 
0 
Output 
0 
x 
Initiates conversion 
"n", Data from conversion 
"n-l" 


clocked out on DATA synchronized 
to 12 clock 


pulses output on DATACLK. 


Initiate Conversion 
and 
1>0 
0 
1 
1 
Input 
0 
x 
Initiates conversion 
"n", 


Output Data Using External 
0 
1>0 
1 
1 
Input 
0 
x 
Initiates conversion 
"n", 
Clock 
1>0 
1 
1 
1 
Input 
x 
x 
Outputs a pulse on SYNC followed by data from 
conversion 
IOn" clocked out synchronized 
to external 
DATACLK. 


1>0 
1 
0 
1 
Input 
0 
x 
Outputs a pulse on SYNC followed by data from 
conversion 
"n-l" 
docked 
out synchronized 
to 
external DATACLK.t1) 
Conversion 
"n" in process. 


0 
0>1 
0 
1 
Input 
0 
x 
Outpuls a pulse on SYNC followed by dala trom 
conversion 
"0-1" docked 
out synchronized 
to 
external DATACLK .I'l Conversion 
IOn" in process. 


Incorrect Conversions 
0 
0 
0>1 
x 
x 
0 
x 
CS or RIG must be HIGH or a new conversion 
will 
be initiated without time for acquisition. 


Power Down 
x 
x 
x 
x 
x 
0 
x 
Analog circuitry powered. Conversion 
can proceed. 


x 
x 
x 
x 
x 
1 
x 
Analog circuitry disabled. 
Data from previous 


conversion 
maintained 
in output registers. 


x 
x 
x 
x 
x 
x 
0 
Serial data is output in Binary Two's Complement 


Selecting Output Format 
format. 


x 
x 
x 
x 
x 
x 
1 
Serial data is output in Straight Binary format. 


NOTE: (1) See Figure 3b for constraints 
on previous data valid during conversion. 


Table ill. Control Truth Table. 


DIGITAL 
OUTPUT 


BINARY TWO'S 
COMPLEMENT 
STRAIGHT 
BINARY 
(SBIBTC 
LOW) 
(SBlBTC 
HIGH) 


HEX 
HEX 
DESCRIPTION 
ANALOG 
INPUT 
BINARY 
CODE 
CODE 
BINARY 
CODE 
CODE 


Full·Scale 
Range 
±10 
±5 
±3.33V 
OV to 5V 
OV to 10V 
OV to 4V 


Least Significant 
Bit (LSB) 
4.88mV 
2.44mV 
1.63mV 
1.22mV 
2.44mV 
0.98mV 


+Full Scale (FS - 1LSB) 
9.99512V 
4.99756V 
3.33171V 
4.99878V 
9.99756V 
3.99902V 
011111111111 
7FF 
111111111111 
FFF 


Midscale 
OV 
OV 
OV 
2.5V 
5V 
2V 
0000 0000 0000 
000 
1000 0000 0000 
800 


One LSB Below Midscale 
-4.88mV 
-2.44mV 
-1.63mV 
2.49878V 
4.99756V 
1.99902V 
111111111111 
FFF 
011111111111 
7FF 


-Full 
Scale 
-10V 
-5V 
-3.333333V 
OV 
OV 
OV 
1000 0000 0000 
800 
0000 0000 0000 
000 
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FIGURE 3b. Conversion 
and Read Timing with External Clock. (EXT/INT Tied HIGH.) Read During Conversion 
(previous 


Conversion 
Results). 
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200n 
200n 


R1[N 
RllN 
co 
0 


7AGND1 
AGND1 
COf' 
UJ 
100n 
R21N 
C 
V,. 
R21N 
33.21Ul 
V,. 


<C 
OV -10V 
R31N 
33.21Ul 
R31N 


+SV 


CAP 


SOIUl~ 


+SV 
CAP 


+ 


~~ 


2.2~F .¢ 
REF 
REF 
UJ 
'V 
••••Z 
AGND2 
AGND2 
WZ0 
Q. 


200n 
200n 
~ 


Rll" 
RllN 
00 


AGNDl 
AGNDl 
Z0 
loon 
100n 
E 
33.21Ul 
R21N 
33.21Ul 
R2lN 


R31N 
~ 
OV-5V 
VIN 
R31N 
V,. 
=:) 
+SV 
0 
CAP ~i 


CAP 
0 
+ 
<C 
.¢ 2.2~F 
REF 
2.2~F 
REF 
~ 
2.2~F 
<c 
AGND2 
AGND2 
C 


UJa: 
w 
•••• 
200n 
200n 
a: 
V,. 
AllN 
V,. 
RllN 
W> 
AGNDl 
AGNDl 
Z 


100n 
0 


R21N 
R21N 
0 
C 
OV -4V 
R31N 
R3,• 
< 
33.21Ul 


CAP 
+SV 
CAP 


REF 
SOIUl 
SOIUl 
REF 


AGND2 
AGND2 


FIGURE 4a. Offset/Gain 
Circuits for Unipolar Input Ranges. 
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Without 
Trim 


200n 
V,N 
R11N 


AGNDl 


loon 
R21N 


33.2kn 
A3lN 


CAP 
+ 
9-2.2~F 


REF 


AGND2 


t"-' 
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With Trim 
(Adjust 
offset 
first at av, then 
adjust 
gain) 


+5V 
2.2~F~ 


50knI 
r 


~ 
50kn~ 


33.2kn 
+ 
+5V 
2.2~FT 
i 


+5V V 


50kn 
I. 
576kn 


50kn~ 


2.2~F~ 
576kn 
V 
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DEMO BOARD 


AVAILABLE 
See Appendix 
A 


16-Bit 10Jls Ser"al CMOS Sampling 
ANALOG-ta-DIGITAL 
CONVERTER 


• 
100kHz SAMPLING 
RATE 


• 
83dB SINAD WITH 20kHz INPUT 


• 
SIX SPECIFIED 
INPUT RANGES 


• 
SERIAL OUTPUT 


• 
SINGLE +SV SUPPLY OPERATION 


• 
PIN-COMPATIBLE 
WITH 12-BIT ADS7808 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
100mW MAX POWER DISSIPATION 


• 
2o-PIN 0.3" PLASTIC 
DIP AND SOIC 


• 
SIMPLE 
DSP INTERFACE 


The ADS7809 
is a complete 
l6-bit sampling 
analog- 
to-digital 
using state-of-the-art 
CMOS 
structures. 
It 
contains a l6-bit capacitor-based 
SAR AID with SIH, 


reference, 
clock, and a serial data interface. 
Data can 
be output using the internal clock, or can be synchro- 
nized to an external 
data clock. The ADS7809 
also 


provides 
an output synchronization 
pulse for ease of 
use with standard DSP processors. 


The ADS7809 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature 
range. Laser- 
trimmed scaling resistors provide various input ranges 
including 
±IOV and OV to SV, while an innovative 
design operates from a single +SV supply, with power 
dissipation 
under loomW. 


The 20-pin ADS7809 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -2SoC to +8SoC range. 
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ADS7809P. 
U 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
Bits 


ANALOG 
INPUT 
Voltage Ranges 
±10, OV to 5V, etc. (See Table I) 
Impedance 
See Table I 


Capacitance 
35 
pF 


THROUGHPUT 
SPEED 
Conversion 
Cycle 
Acquire and Convert 
10 
~s 
Throughput 
Rate 
100 
kHz 


DC ACCURACY 
Integral linearity 
Error 
±3 
LSB(l) 


No Missing Codes 
15 
B~s 
Transition 
Noise(2l 
1.3 
LSB 
Full Scale Error'·') 
±0.5 
% 
FuJI Scale Error Drift 
±7 
ppml"C 
Full Scale Error3,4) 
Ext. 2.5000V 
Ref 
±0.5 
% 


Full Scale Error Drift 
Ext. 2.5OO0V Ref 
±2 
.. 
ppml"C 
Bipolar Zero Error(3) 
Bipolar Ranges 
±10 
mV 
Bipolar Zero Error Drift 
Bipolar Ranges 
±2 
ppml"C 
Unipolar Zero Error<3) 
OV tp 10V Ranges 
±5 
mV 
Unipolar Zero Error<31 
OV to 4V, OV to 5V Ranges 
±3 
mV 
Unipolar Zero Error Drift 
Unipolar Ranges 
±2 
ppml"C 
Recovery to Rated Accuracy 
1~F Capacitor 
to CAP 
1 
ms 
after Power Down 
Power Supply Sensitivity 
+4.75V < Vo < +5.25V 
±8 
LSB 


(VOIG = V"". = Vol 


AC ACCURACY 
Spurious·Free 
Dynamic Range 
t'N = 20kHz 
90 
100 
dB(5) 


Total Harmonic 
Distortion 
f'N = 20kHz 
-100 
-90 
dB 
Signal·to-(Nois8+0islortion) 
f'N = 20kHz 
83 
88 
dB 


-BOdB Input 
30 
dB 
Signal-ta-Noise 
f'N = 20kHz 
83 
88 
dB 
Full-Power 
Bandwidth(6) 
250 
kHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
40 
ns 
Transient 
Response 
FS Step 
2 
~s 
Overvoltage 
Recovery(7) 
150 
ns 


REFERENCE 
Internal Reference 
Voltage 
No Load 
2.48 
2.5 
2.52 
V 
Internal Reference 
Source Current 
1 
~ 
(Must use external buffer) 
External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
For Specified 
Linearity 
External Reference 
Current Drain 
Ext. 2.5000V Ref 
100 
~ 


DIGITAL 
INPUTS 
Logic Levels 


V" 
-<l.3 
+0.8 
V 
V,H 
+2.0 
Vo +0.3V 
V 


I'L 
V" = OV 
±10 
~A 
I'H 
, 
V,H = 5V 
±10 
~ 


The information prOVided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies or omissions. BURR·BROWN 
assumes 
no responsibility 
for the use of this information. and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS (CONT) 


ELECTRICAL 


PARAMETER 


DIGITAL 
OUTPUTS 
Data Format 
Data Co 
Pipeline Delay 
Data Clock 


Internal 
(Output Only When 
Transmitting 
Data) 
External 
(Can Run Continually) 


yO<. 


VQH 
Leakage Current 


'SINK 
= 1.6mA 
ISOURCE = 500~ 
High-Z State, 


VOUT'" 
OV to VOIG 


High-Z State 


POWER SUPPLIES 
Specified 
Performance 


V01G 
VANA 


IOIG 
IANA 
Power Dissipation: 
PWRO LOW 
PWRD HIGH 


TEMPERATURE 
RANGE 


Specified 
Performance 
Derated Performance 
Storage 
Thermal 
Resistance 
(6JA) 
Plastic DIP 
SOIC 


serial 
16 bits 


Binary Two's Complement 
or Straight Binary 
Conversion 
results only available after completed 
conversion. 


Selectable 
for internal or external data clock 
2.3 


NOTES: (1) LSB means Least Significant 
Bit. For the ±10V input range, one LSB is 30SI.N. (2) Typical rms noise at worst case transitions 
and temperatures. 
(3) 
As measured with fixed resistors shown in Figure 4. Adjustable 
to zero with external potentiometer. 
(4) For bipolar input ranges. full scale error is the worst case 
of -Full 
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and 
includes the effect of offset error. For unipolar input ranges, full scale error is the deviation of the last code transition divided by the transition voltage. It also includes 
the effect of offset error. (5) All specifications 
in dB are referred to a full-scale ±t OV input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which 
Signal-to-(Noise+Distortion) 
degrades to GOdB. (7) Recovers to specified 
performance 
after 2 x FS input overvoltage. 


Analog Inputs: R11N 
..•.•..••••..•.••.••.•..•.••.••.••.•..•.••.••.••.••.•..•.••.••.••.•.••.••. 
±25V 


R21N 
.••.••.••..•.•.••.••.••.•.••....••.•..•....••.••.......•.......•..••...... 
±25V 


R3'N . 
.. 
±25V 
CAP. 
.. 
VANA+0.3V to AGND2 ~.3V 
REF 
Indefinite Short to AGND2, 


•.•"omentary 
Short to VANA 


Ground Voltage Differences: 
DGND, AGND2 . 
. 
±O.3V 
VANA 
7V 
VOIG to VANA•• 
. ...••••••••••••••••••••••..•..•..•..•....•..•..•..••• 
+0.3 
~.. 
.... 
.N 


Digital Inputs 
-<J.3V 10 V010 +0.3V 
Maximum Junction Temperature. 
. 
+165°C 


Internal Power Dissipation 
700mW 
Lead Temperature 
(soldering, 
10s) . 
.. 
+300°C 


10 
MHz 


+0.4 
V 
V 


±5 
~ 


15 
pF 


+5 
+5.25 
V 
+5 
+5.25 
V 
0.3 
mA 


16 
mA 
100 
mW 
50 
~W 


+85 
·C 
+125 
·C 
+150 
·C 


75 
·CIW 
75 
·CIW 


A ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
forrnancedegradation 
to complete device failure. Burr-Brown 
Corporation recommends that this integrated circuit be handled 
and stored using appropriate 
ESD protection 
methods. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


ADS7809P 
20-Pin Plastic DIP 
222 
ADS7809U 
20-Pin SOIC 
221 


GUARANTEED 
MINIMUM 
MAXIMUM 
NO MISSING 
SIGNAL-TO- 
SPECIFICATION 
LINEARITY 
CODE LEVEL 
(NOISE + DISTORTION) 
TEMPERATURE 
MODEL 
ERROR (LSS) 
(LSS) 
RATIO (dB) 
RANGE eC) 
PACKAGE 


ADS7809P 
±4 
15 
83 
-25°C 
to +85°C 
20-Pin Plastic DIP 
ADS7809U 
±4 
15 
83 
-25·C 
to +85·C 
20-Pin SOIC 
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PIN CONFIGURATION 


R11N 
20 
VOla 


AGND1 
VANA 


PWRD 


BUSY 


ADS7809 
CS 


RIG 


TAG 


DATA 


DATACLK 


DGND 
10 
'1 
SYNC 


PIN. 
NAME 


1 
R11N 


2 
AGND1 


3 
R2lN 


4 
R3'N 


5 
CAP 


6 
REF 


7 
AGND2 


8 
SBIBTC 


9 
EXT/INT 


10 
DGND 


11 
SYNC 


12 
DATACLK 


13 
DATA 


14 
TAG 


15 
RIG 


16 
CS 


17 
BUSY 


18 
PWRD 


19 
V"", 


20 
VOla 


DESCRIPTION 


Analog Input. See Table I and Figure 4 for input range connections. 


Analog Ground. 
Used internally as ground reference 
point. Minimal current flow. 


Analog Input. See Table I and Figure 4 for input range connections. 


Anak)g Input. See Table I and Figure 4 for input range connections. 


Reference 
Buffer Capacitor. 
2.21lF Tantalum 
to ground. 


Reference 
Input/Output. 
Outputs internal 2.5V reference. 
Can also be driven by external system reference. 
In both cases, 


bypass to ground with a 2.2~F Tantalum 
capacitor. 


Analog Ground. 


Select Straight Binary or Binary Two's Complement 
data output format. If HIGH, data will be output in a Straight Binary lormat. 
If 
LOW, data will be output in a Binary Two's Complement 
format. 


Select External or Internal Clock for transmitting 
data. If HIGH, data will be output synchronized 
to the clock input on DATACLK. 
If 
LOW, a convert command will initiate the transmission 
of the data from the previous conversion, 
along with 16 clock pulses output 
on DATACLK. 


Digital Ground. 


Synch Output. If EXT/INT is HIGH, either a rising edge on RIG with CS LOW or a falling edge on CS with RIG HIGH will output a 
pulse on SYNC synchronized 
to Ihe external DATACLK. 


Either an input or an output depending 
on the EXTIINT level. Output data will be synchronized 
to this clock. If EXTIINT is LOW, 
DATAClK 
will transmit 
16 pulses after each conversion, 
and then remain LOW between conversions. 


Serial Data Output. Data will be synchronized 
to DATACLK, 
with the format determined 
by the level of SBIBTC. 
In the external clock 
mode, after 16 bits of data, the ADS7809 
will output the level input on TAG as long as CS is LOW and RIG is HiGH (see Figure 3.) If 
EXT/INT is LOW, data will be valid on both the rising and falling edges of DATACLK, 
and between conversions 
DATA will stay at the 
level of the TAG input when the conversion 
was started. 


Tag Input for use in external clock mode. If EXT/INT is HIGH, digital data input on TAG will be output on DATA with a delay of 16 
DATACLK 
pulses as long as CS is LOW and RIG is HIGH. See Figure 3. 


Read/Convert 
Input. With CS LOW, a falling edge on RIG puts the internal samplelhold 
into the hold state and starts a conversion. 


When EXT/INT is LOW, this also initiates the transmission 
of the data results from the previous conversion. 
If EXT/INT is HIGH, a 
rising edge on RIG with CS lOW, 
or a falling edge on CS with RIG HIGH, transmits a pulse on SYNC and initiates the transmission 
of 
data from the previous conversion. 


Chip Select. Internally OR'ed with RIG. 


Busy Output. Falls when a conversion 
is started, and remains LOW until the conversion 
is completed 
and the data is latched into the 
output shift register. CS or RIG must be HIGH when BUSY rises, or another conversion 
will start without time for signal acquisition. 


Power Down Input. If HIGH, conversions 
are inhibited and power consumption 
is significantly 
reduced. 
Results from the previous 
conversion 
are maintained 
in the output shift register. 


Analog Supply Input. Nominally 
+SV. Connect directly to pin 20, and decouple to ground with 0.1•.•.F ceramic and 10jJF Tantalum 
capacitors. 


Digital Supply Input. Nominally 
+SV. Connect directly to pin 19. Must be S VANA' 


ANALOG 
CONNECT Rl,. 
CONNECT R2'N 
INPUT 
VIA200n 
VIA lOOn 
CONNECT R300 
RANGE 
TO 
TO 
TO 
IMPEDANCE 


±10V 
V,N 
AGND 
CAP 
22.9kn 
±5V 
AGND 
V,N 
CAP 
13.3kO 


±3.33V 
V,N 
V,N 
CAP 
10.7kn 
OV to 10V 
AGND 
V,N 
AGND 
13.3kO 
OV to 5V 
AGND 
AGND 
V,N 
10.0kO 
OV to 4V 
V,N 
AGND 
V,N 
10.7kO 


TABLE 
I. Input 
Range 
Connections. 
See Figure 
4 for 
complete information. 
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SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX UNITS 


I, 
Convert 
Pulse Width 
40 
6000 
ns 


t2 
BUSY Delay 
65 
ns 


t3 
BUSY LOW 
8 
~s 
-- 
I< 
BUSY Delay after 
220 
ns 


End of Conversion 


I, 
Aperture Delay 
40 
ns 


to 
Conversion 
Time 
7.6 
8 
~s 


t, 
Acquisition 
Time 
2 
~s 


to + t, 
Throughput 
Time 
9 
10 
~s 


to 
RlC LOW to DATACLK 
Delay 
450 
ns 


Ig 
DATACLK 
Period 
440 
ns 


t,. 
Data Valid to DATACLK 
20 
75 
ns 
HIGH Delay 


t" 
Data Valid after 
100 
125 
ns 
DATACLK 
LOW Delay 


1,2 
Extemal 
DATACLK 
100 
ns 


1,3 
Extemal 
DATACLK 
HIGH 
20 
ns 


I,. 
Extemal DATACLK 
LOW 
30 
ns 


t15 
DATACLK 
HIGH 
20 
112 +5 
ns 
Setup Time 


I" 
RlC to Cs Setup Time 
10 
ns 


I" 
SYNC Delay After 
15 
35 
ns 


DATACLK 
HIGH 


I" 
Data Valid Delay 
25 
55 
ns 


I,. 
Cs to Rising Edge Delay 
25 
ns 


t20 
Data Available after Cs LOW 
6 
~s 


TABLE 
II. Conversion 
and Data Timing. 
TA = -25°C 
to 


+85°C. 


~ t. 
Q) 


X 
Acquire 
0 
CO 
r-.. 


~I, 
CJ) 
C 
<C-- 
CJ)t- 
Z 
WZ0 
0- 
:E00 
Z0 
i= 
~ 
:::;)" 
0 
<C 


~<cc 


CJ)a:wt-a: 
W> 
" 
Z00c<l 


CS, RIG -U~-------------I 


BUSY ~~====::.!t3C=====!,_ 
t,- 
- -,........:ls'--------\r-----I 


MODE ~====c::0t:~::e=rt====~~ 


t. ==1...----------.----- 


~ 
Bit 1 Valid X 
LSB Valid 
~~ 
_ 
- 
t, 


BUSY 
\~. 
_ 
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- - 
_. _.......•... 


Initiate Conversion 
and 
1>0 
0 
1 
0 
Oulput 
0 
x 
Initiates 
conversion 
"n". 
Data from conversion 
"0-1" 


Output Data Using 
clocked 
out on DATA 
synchronized 
to 16 clock 


Internal 
Clock 
pulses ouput on DATACLK. 


0 
1>0 
1 
0 
Oulput 
0 
x 
Initiates 
conversion 
"n". Data from conversion 
"n-1" 


clocked 
out on DATA 
synchronized 
to 16 clock 
pulses OUlput on DATACLK. 


Initiate Conversion 
and 
1>0 
0 
1 
1 
Input 
0 
x 
Initiates 
conversion 
"n". 


Output 
Data 
Using External 
0 
1>0 
1 
1 
Input 
0 
x 
Initiates 
conversion 
"n". 
Clock 
1>0 
1 
1 
1 
Input 
x 
x 
Outputs a pulse on SYNC followed by data from 
conversion 
"n" clocked 
out synchronized 
to external 
DATACLK. 


1>0 
1 
0 
1 
Input 
0 
x 
Outputs a pulse on SYNC followed by data from 
conversion 
"0-1" 
clocked 
out synchronized 
to 
external 
DATACLKJ1) 
Conversion 
"0" in process. 


0 
0>1 
0 
1 
Input 
0 
x 
Outputs a pulse on SYNC followed by data from 
conversion 
"n-l" 
clocked 
out synchronized 
to 


external 
DATACLK 
.11) Conversion 
"n" in process. 


Incorrect 
Conversions 
0 
0 
0>' 
x 
x 
0 
x 
CS or RIG must be HIGH 
or a new conversion 
will 
be initiated without time for acquisition. 


Power 
Down 
x 
x 
x 
x 
x 
0 
x 
Analog 
circuitry powered. 
Conversion 
can proceed. 


x 
x 
x 
x 
x 
1 
x 
Analog 
circuitry disabled. 
Data from previous 
conversion 
maintained 
in output registers. 


x 
x 
x 
x 
x 
x 
0 
Serial 
data is output in Binary Two's 
Complement 


Selecting 
Output 
Format 
format. 


x 
x 
x 
x 
x 
x 
1 
Serial 
data is output in Straight 
Binary format. 


DIGITAL 
OUTPUT 


BINARY TWO'S 
COMPLEMENT 
STRAIGHT 
BINARY 
(SBlBTC 
LOW) 
(SBlBTC 
HIGH) 


HEX 
HEX 
DESCRIPTION 
ANALOG 
INPUT 
BINARY 
CODE 
CODE 
BINARY 
CODE 
CODE 


Full-Scale Range 
±10 
±5 
±3.33V 
OV to 10V 
OV105V 
OV to 4V 


LeastSignificantBrt(LSB) 
305~V 
153~V 
102~V 
153~V 
76~V 
61~V 


+Full5caJe(FS- 1LSBI 
9.999695V 
4.999847V 
3.333231V 
9.999847V 
4.999924V 
3.999939V 
0111111111111111 
7FFF 
1111 1111 1111 1111 
FFFF 


Midscale 
OV 
OV 
OV 
5V 
2.5V 
2V 
0000סס oo 0000סס oo 
0000 
1000סס ooסס ooסס oo 
BOOO 


One LSB Below Midscale 
-305~V 
-153~V 
-102~V 
4.999847V 
2.499924V 
1.999939V 
1111111111111111 
FFFF 
0111 111111111111 
7FFF 


-Full Scale 
-10V 
-5V 
-3.333333V 
OV 
OV 
OV 
1000 0000 0000 0000 
8000 
0000 0000 0000 0000 
0000 
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~ 
~ 
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w 
~ 
z 
~ 
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i=en 
~" 
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~ 
I 
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j.:P 
IS 
l~ 
en 
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I 
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1to 
W 
j 
0 
I- 
a:: 
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, 
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FIGURE 3b. Conversion 
and Read Timing with External Clock. (EXT/INT Tied HIGH.) Read During Conversion 
(Previous 


Conversion 
Results). 
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With Trim 
Input 
Range 
Without 
Trim 
(Adjust 
offset 
first at av, then 
adjust 
gain) 


2000 
2000 


Rl", 
R11N 
en0 
CO 


7AGNDl 
,.... 
en 


1000 
R21N 
C 
V,N 
R2'N 
33.2kn 
V,N 
« 
OV -10V 


33.2kn 
R31N 
R31N 


+SV 


CAP 


SOkn~ 


+SV 
CAP 


+ 
-! 


en 
2.2~F ~ 
REF 
'V 
REF 
~Z 


AGND2 
AGND2 
WZ0 
Q. 


2000 
:= 
2000 
0 
R1lN 
R11N 
0 


AGND1 
AGNDl 
Z 


1000 
0 


1000 
i= 
33.2kn 
R2lN 
33.2kn 
R21N 


en 


OV -5V 
V,N 
R31N 
V,N 
R31N 
~ 
+sv 
0 


CAP -i 


CAP 
0 


+ 
« 
~ 
2.2~F 
REF 
2.2~F 
REF 


~ 
2.2~F 
<c 
AGND2 
AGND2 
C 
en 
a: 
w 


2000 
~ 
2000 
V,N 
R11N 
a: 
V,N 
R11N 
W 


AGND1 
> 


AGND1 
Z 


1000 
0 
R21N 


112'N 
0 


R31N 
C 
OV -4V 
R31N 
a 


+ 
CAP 
CAP 
2.2~F7 
S76kn 
SOkn 
SOkn 
REF 


REF 
2.2~F 


AGND2 


AGND2 


FIGURE 4a. Offset/Gain 
Circuits for Unipolar Input Ranges. 
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2.2~F ::r. 


576kO 
v 


V-AGNDl 


R21N 


200n 
200n 
V,N 
R11N 
V,N 
R11N 


lOon 
AGNDl 
AGNDl 
loon 


R21N 
R21N 


±3.33V 
33.2kO 
R31N 
33.2kO 
R31N 
+ 


+5V 
2.2~F.& 
CAP ~~i 


CAP 


+ 
REF 
I,,~ 
REF 


~ 


2.2~F 
50kO 
+ 
2.2~F 
AGND2 
AGND2 
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DEMO BOARD 


AVAILABLE 
See Appendix 
A 


12-Bit 800kHz Sampling 
CMOS 
ANALOG-ta-DIGITAL 
CONVERTER 


• 
1.25J.lSTHROUGHPUT 
TIME 


• 
STANDARD 
±10V INPUT RANGE 


• 
69dB min SINAD WITH 250kHz 
INPUT 
• ±3/4 LSB max INL AND ±1 LSB max DNL 


• 
INTERNAL 
REFERENCE 


• 
COMPLETE 
WITH SIH, REF, CLOCK, 
ETC. 


• 
PARALLEL 
DATA wlLATCHES 


• 
250mW 
max POWER DISSIPATION 


• 
28-PIN 0.3" PDIP AND SOIC 


The ADS7810 
is a complete 
l2-bit 
sampling 
NO 
using state-of-the-art 
CMOS structures. 
It contains 
a 
complete 
l2-bit capacitor-based 
SAR NO with inher- 
ent SIH, reference, clock, interface for microprocessor 
use, and three-state 
output drivers . 


The ADS7810 
is specified 
at an 800kHz 
sampling 
rate, and guaranteed 
over the full temperature 
range. 


Laser-trimmed 
scaling resistors provide the industry- 
standard ±lOV input range, while an innovative design 
allows operation 
from ±5V supplies, with power dis- 
sipation under 250mW. 


The 28-pin ADS78 10 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial --40°C to +85°C range. 


2.5kil 
Output 
BUSY 
Latches 
±10V Input 
and 
Three 
6250 
Three 
State 
Stale 
Parallel 
Drivers 
Data 
Bus 
Cap 
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SPECIFICATIONS 


ADS7810P, 
U 
ADS7810PB, 
UB 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bits 


ANALOG 
INPUT 


Vo~age Range 
±10 
V 


Impedance 
3.1 
kn 
Capacitance 
5 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
985 
ns 
Complete 
Cycle 
Acquire & Convert 
1240 
ns 
Throughput 
Rate 
, 
800 
kHz 


DC ACCURACY 
Integral Linearity Error 
±1 
±0.75 
LSBI'j 


Differential 
Linearity Error 
±1 
±1 
LSB 
No Missing Codes 
Guaranteed 
.- 


Transition 
Noise(21 
0.1 
LSB 
Full Scale Error(3,4) 
±D.5 
±0.25 
"10 


Full scale 
Error Drift 
±5 
±3 
ppml"C 
Full Scale Error(3.4) 
Ext 
2.5000V Ref 
±D.5 
±0.25 
"10 


Full scale 
Error Drift 
Ext 
2.5000V Ref 
±2 
ppml"C 


Bipolar Zero Error(3) 
±8 
±4 
LSB 
Bipolar Zero Error Drift 
±1 
±D.5 
ppm/"C 


Power Supply Sensitivity 


(+VO"' = +VAN,= 
Vo) 
+4.75V 
< Vo < +S.25V 
±5 
LSB 
-5.25V 
< -V.,.. 
< -4.75V 
±D.5 
LSB 


AC ACCURACY 
Spurious-Free 
Dynamic Range 
fiN: 
250kHz 
74 
77 
dBI') 


Total Harmonic 
Distortion 
fiN = 250kHz 
-74 
-77 
dB 


Signal-to-{Nois8+0istortion) 
fiN= 250kHz 
67 
69 
dB 


Signal-ta-Noise 
fiN = 250kHz 
68 
70 
dB 
Full-Power 
Bandwidth(6) 
1.5 
MHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
20 
ns 
Aperture Jitter 
Sufficient to Meet AC Specs 
, 


Transient 
Response 
FS Step 
100 
. 
ns 
Overvoltage 
Recovery(7) 
150 
ns 


REFERENCE 
Internal Reference 
Voltage 
2.48 
2.5 
2.52 
V 


Internal Reference 
Source Current 
100 
nA 


(Must use external buffer) 


Internal Reference 
Drift 
8 
ppml"C 


External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 


For Specified 
Linearity 


External Reference 
Current Drain 
Ext. 2.5OO0V Ref 
100 
~ 


DIGITAL 
INPUTS 
Logic Levels 


VIL 
-0.3 
+0.8 
V 
V,H 
+2.4 
Vo + 0.3 
V 


III 
VIL - OV 
±10 
~A 


I'H 
V,H = 5V 
±10 
~ 


DIGITAL 
OUTPUTS 
Data Format 
Parallel 12-bits 
Data Coding 
Binary Two's Complement 


Yo< 
IStNK = 1.6mA 
+0.4 
V 


Yo>< 
ISOURCE - 500~A 
+2.8 
V 


Leakage Current 
High-Z State, 
±5 
~ 
Vour:z:: OV to VOIG 


Output Capacitance 
High-Z State 
15 
15 
pF 


DIGITAL 
TIMING 
Bus Access Time 
83 
ns 


Bus Relinquish 
Time 
83 
ns 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


PARAMETER 


POWER SUPPLIES 
Specified 
Performance 


+VOIG::: 
+VANA 


-V.,.. 
+1010 
+IANA 
-IANA 


Derated Perlormance 


+VOIG:C 
+VANA 
-V.,.. 


Power Dissipation 


TEMPERATURE 
RANGE 


Specified 
Performance 
Derated Performance 
Storage 
Thermal 
Resistance 
(8J..J 


Plastic DIP 
SOIC 


+4.75 
+5 


-5.25 
-5 
+16 
+16 
-13 


+4.5 
+5 
-5.5 
-5 
fs = 800kHz 


-40 
-55 
-55 


75 
75 


ADS7810P, 
U 


MIN 
TYP 
MAX 


ADS7810PB, 
UB 


MIN 
TYP 
MAX 


NOTES: 
(1) lSB 
means least 
Significant 
Bit. For the 12-bit, ±10V input ADS7810, 
one lSB 
is 4.88mV. 
(2) Typical 
rms noise at worst case transitions 
and 


temperatures_ (3) Measured with son in series with analog input. Adjustable to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full Scale 


or +Full Scale untrimmed deviation from ideal first and last code transitions, 
divided by the transition voltage (not divided by the full-scale 
range) and includes the 
effect of offset error. (5) All specifications 
in dB are referred to a fuIi-scale ±10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which Signal- 
to-(Noise+Distortion) 
degrades 
to SOdS, or 10 bits of accuracy. 
(7) Recovers to specified 
periormance 
after 2 x FS input over voltage. 


Analog Inputs: V~ 
±25V 
CAP 
+VANA +0.3V to AGND2 -<l.3V 
REF 
Indefinite Short to AGND2 
Momentary Short to +VAHA 


Ground Voltage Differences: 
DGND, 
AGND1, AGND2 
... ±O.3V 


+V AHA 
• 
• ••••••••••••••••••••••••••••••••• 
+N 
+VotG to +V AHA 
••••••••••••••••••••••••••••••••••••.••..•••••••••.••••••.•••••••••••••••••••• 
+O.3V 
+VotG 
••. •••••••. 
••• ••••••••• 
••••.••.•••••.••••••••••••••••.•••••••••••••••••••••.••••••• 
7V 
-V ANA. 
. .•••••••••••••••.••.••.••••••••••.••.••.•.•••••.•••••.••••••••••.••.•••••.••••••••••.••.••••••• 
-7V 
Digital Inputs 
-<l.3V to +V••• +0.3V 
Maximum Junction Temperature 
. 
+165°C 
Internal Power Dissipation 
825mW 


lead Temperature 
(soldering, 
10s) 
+300·C 


A 
ELECTROSTATIC 
J.J!Jtia. DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure_ Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


ADS7810P 
28-Pin Plastic DIP 
246 


ADS7810PB 
28-Pin Plastic DIP 
246 


ADS7810U 
28-Pin SOIC 
217 


ADS7810UB 
28-Pin SOIC 
217 


MINIMUM 


MAXIMUM 
SIGNAl-TO- 


INTEGRAL 
(NOISE + 
SPECIFICATION 
LINEARITY 
DISTORTION) 
TEMPERATURE 


MODEL 
ERROR (lSB) 
RATIO (dB) 
RANGE 
PACKAGE 


ADS7810P 
±1 
67 
-40°C 
to +85°C 
Plaslic DIP 


ADS7810PB 
±0.75 
69 
-40·C 
fo +85·C 
Plastic DiP 


ADS7810U 
±1 
67 
-40·C 
fo +85·C 
SOIC 
ADS7810UB 
±0.75 
69 
-40°C 
to +85°C 
SOIC 
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V,N 
28 
+VANA 
After RIG LOW 


AGN01 
+VOIG 
t, 
BUSY Delay 
85 
125 
ns 


From RIG LOW 


REF 
-VANA 
t. 
BUSY LOW 
1000 
1115 
ns 


CAP 
BUSY 
t, 
BUSY Delay After 
80 
ns 


CS 


End of Conversion 


AGN02 
t, 
Aperture 
Delay 
20 
ns 


011 (MSB) 
RIG 
t, 
Conversion 
Time 
985 
1090 
ns 


010 
OGNO 
t, 
Acquisition 
Time 
100 
150 
ns 


ADS7810 
t, & t, 
Throughput 
Time 
1085 
1240 
09 
+V01G 
ns 


t, 
Bus Relinquish Time 
20 
50 
83 
ns 
08 
+VANA 


BUSY Delay 
too 
20 
55 
90 
ns 
07 
NC(1) 
After Data Valid 


06 
DO (LSB) 
t" 
RIG to CS 
ns 


Setup Time 


05 
01 


t" 
Time Between 
1250 
ns 


04 
02 
Conversions 


t" 
Bus Access Time 
10 
35 
83 
ns 
OGNO 
14 
15 
03 


TABLE 1. Timing Specifications 
(TM'N to TMAx)' 


NOTE: (1) Not Internally Connected. 


PIN ASSIGNMENTS 


DIGITAL 
PIN' 
NAME 
VO 
DESCRIPTION 


1 
V,. 
Analog Input. Connect via 500 to analog input. Full·scale input range is ±10V. 
2 
AGNOl 
Analog Ground. 
Used internally as ground reference point. Minimal current flow. 
3 
REF 
Reference 
Input/Output. 
Outputs internal reference of +2.5V nominal. Can also be driven by external system 
reference. 
In both cases, decouple to ground with a O.I~F ceramic capacitor. 


4 
CAP 
Reference 
Buffer Capacitor. 
2.2J.1Ftantalum to ground. 
5 
AGN02 
Analog Ground. 
6 
011 (MSB) 
0 
Data Bit 11. Most Significant 
Bit (MSB) of conversion 
results. Hi-Z state when CS is HIGH, or when RiB is 


LOW, or when a conversion 
is in progress. 


7 
010 
0 
Data Bit 10. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
8 
09 
0 
Data Bit 9. Hi·Z state when CS IS HIGH. or when RIG is LOW, or when a conversion 
is in progress. 


9 
08 
0 
Data Bit 8. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
10 
07 
0 
Data Bit 7. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


11 
06 
0 
Data Bit 6. Hi·Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
12 
05 
0 
Data Bi1 5. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
13 
04 
0 
Data Bit 4. Hi·Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


14 
OGNO 
Digital Ground. 
15 
03 
0 
Data Bit 3. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
16 
02 
0 
Data Bit 2. Hi·Z state when CS is HIGH, or when RlC is LOW, or when a conversion 
is in progress. 


17 
01 
0 
Data Bit 1. Hi-Z state when CS is HIGH, or when RIG is LOW. or when a conversion 
is in progress. 


18 
DO (LSB) 
0 
Data Bit O. Least Significant 
Bit (LSB) of conversion 
results. Hi·Z state when CS is HIGH, or when RIG is 


LOW, or when a conversion 
is in progress. 


19 
Not internally connected. 
20 
+V"'" 
Analog Positive Supply Input. Nominally +5V. Connect directly to pins 21. 27 and 28, and decouple to ground 
with 0.1J.lF ceramic and 10J.lFtantulum capacitors. 


21 
+VDIG 
Digital Supply Input. Nominally +5V. Connect directly to pins 20, 27 and 28. 
22 
OGNO 
Digital ground. 
23 
RIG 
I 
Aead/Convert 
Input. With CS LOW, a falling edge on A/e puts the internal sample/hold 
into the hold state and 
starts a conversion. 
With CS LOW and no conversion 
in progress. a rising edge on RIG enables the output 
- 
data bits. 
24 
CS 
I 
Chip Select. Internally OA'd with RIG. With RIG LOW, a falli'!9...edge on CS will initiate a conversion. 
With 


BUSY 


RIG HIGH and no conversion 
in progress, 
a falling edge on CS will enable the output data bits. 
25 
0 
Busy Output. 
Falls when a conversion 
is started, and remains LOW until the conversion 
is completed 
and the 
data is latched into the output register. With CS LOW and RIG HIGH, output data will be valid when BUSY 
rises, so that the rising edge can be used to read the data. 


26 
-V"", 
Analog Negative Supply Input. Nominally -5V. 
Decouple to ground with 0.11JF ceramic and 1O)J.Ftantulum 
capacitors. 
27 
+V01G 
Digital Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 28. 
28 
TV"", 
Analog Positive Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 27. 
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BASIC OPERATION 


Figure I shows a basic circuit to oper~e 
the ADS78 10 with 
a full parallel data output. Taking RIC (pin 23) LOW for a 
minimum of 40ns will initiate a conversion. 
BUSY (pin 25) 
will go LOW and stay LOW until the conversion 
is com- 
pleted 
and the output 
registers 
are updated. 
Data will be 
output in Binary Two's 
Complement 
with the MSB on pin 
6. BUSY going HIGH 
can be used to latch the data. All 
convert commands 
will be ignored while BUSY is LOW. 


The ADS78 I0 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
1.251-15between 
convert com- 
mands assures accurate acquisition 
of a new signal. 


CS 
AlC 
BUSY 
OPERATION 


1 
X 
X 
None. 
Databus 
in Hi-Z state. 


,J. 
0 
1 
Initiates conversion. 
Databus 
remains 
in 


Hi-Z slale. 


0 
,J. 
1 
Initiates 
conversion. 
Oatabus 
enters 
Hi-Z 


state. 


0 
1 
r 
Conversion 
completed. 
Valid data from 
the most recent conversion 
on the databus. 


,J. 
1 
1 
Enables 
databus 
with valid data from the 


most recent 
conversion. 


,J. 
1 
0 
Conversion 
in progress. 
Oatabus 
enabled 
when 
conversion 
is completed. 


0 
r 
0 
Conversion 
in progress. 
Databus 
enabled 
when 
conversion 
is completed. 


0 
0 
r 
Conversion 
completed. 
Valid data from the 
most recent 
conversion 
in the output 
register, 
but outputs are still tri-stated. 


X 
X 
0 
New convert 
commands 
ignored. 
Conversion 


in progress. 


STARTING 
A CONVERSION 


The combination 
of CS (pin 24) and R!C (pin 23) LOW for 
a minimum of 40ns immediately 
puts the sample/hold 
of the 
ADS7810 
in the hold state and starts a conversion. 
BUSY 
(pin 25) will go LOW and stay LOW until the conversion 
is 


completed and the internal output register has been updated. 
All new convert 
commands 
during 
BUSY 
LOW 
will be 
ignored. 


The ADS78 10 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
1.2511s between 
convert com- 
mands assures accurate acquisition.~f 
a new signal. Referto_ 
Table II for a summary 
of CS, RIC, and BUSY states and 
Figures 2 through 3 for timing diagrams. 


DIGITAL OUTPUT 
BINARY TWO'S 
COMPLEMENT 


DESCRIPTION 
ANALOG 
INPUT 
BINARY CODE 
HEX CODE 


Full Scale Range 
±10V 


Least Significant 
4.88mV 
Bit (LSB) 


+Full Scale 
9.995V 
0111 1111 1111 
7FF 
(10V -1LSB) 


Midscale 
OV 
0000 0000 0000 
000 


One LSB below 
-4.88mV 
111111111111 
FFF 


Midscale 


-Full 
Scale 
-10V 
1000 0000 0000 
800 
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Convert 
Pulse 
LJ 


DO (LSB) 


01 


02 


CS and R/C are internally OR'd and level triggered. 
There 
is not a requirement 
which 
input goes LOW 
first when 
initiating a conversion. 
If, however, 
it is critical that CS or 
RJC initiate the conversion, 
be sure the less critical input is 


LOW at least Sns prior to the initiating input. 


To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. Note that 
the parallel output will be active whenever RJC is HIGH and 
no conversion 
is in progress. 
See the Reading Data section 


and refer to Table II for control line functions for 'read' and 
'convert' 
modes. 


READING 
DATA 


The ADS7810 
outputs 
full parallel 
data in Binary Two's 
Complement 
data output format. The parallel output will be 
active when RJe (pin 23) is HIGH, CS (pin 24) is LOW, and 
no conversion is in progress. Any other combination 
will tri- 


state the parallel output. Valid conversion 
data can be read 
in a full parallel, 
12-bit word on pins 6-13 and pins 15-18. 


Refer to Table III for ideal output codes. 


After the conversion 
is completed 
and the output registers 
have been updated, BUSY (pin 25) will go HIGH. Valid data 
from 
the 
most 
recent 
conversion 
will 
be 
available 
on 
DIl-DO 
(pins 6-13 and 15-18). BUSY going HIGH can be 
used to latch the data. Refer to Table I and Figures 2 and 3. 


Note! For the best possible 
performance, 
the external data 
bus connected 
to DIl-DO 
should not be active 
during 
a 


conversion. 
The switching 
noise of the external 
asynchro- 
nous data signals can cause digital feed through degrading 
the converter's 
performance. 


The number of control lines can be reduced 
by tieing CS 
LOW while using RJe to initiate conversions 
and activate 
the output mode of the converter. 
See Figure 2. 


INPUT RANGES 


The ADS78 10 offers a standard ±IOV input range. Figure 4 
shows the necessary 
circuit connections 
for the ADS7810 
with and without external trim. Offset and full scale error<ll 
specifications 
are tested and guaranteed 
with the son resis- 
tor 
shown 
in Figure 
4. This 
external 
resistor 
makes 
it 
possible to trim the offset ±SOmV using a trim pot or trim 
DAC. This resistor may be left out if the offset and gain are 
negligible 
or they will be trimmed 
in software. 
See the 
Calibration 
section of the data sheet for details. 


The nominal 
input impedance 
of 3.12SkQ results from the 


combination 
of the internal resistor network 
shown on the 
front 
page 
of the product 
data 
sheet 
and external son 
resistor. The input resistor divider network provides inherent 
overvoltage 
protection 
guaranteed 
to at least ±2SV. 
The 
son, I % resistor 
used for the external 
offset 
adjustment 
circuitry does not compromise 
the accuracy 
or drift of the 
converter. 
It has little 
influence 
relative 
to the 
internal 
resistors, 
and tighter tolerances 
are not required. 


RlC-p 
l-J 


1'2 


1, 


-1, 
-Is-' 


BUSY 
I, 


-I-Is 


MODE 
Acquire 
Convert 
Convert 


I, 
1.-- 


DATA BUS 
Dala Valid 
Hi·ZSlale 
HI Z State 


19~ 
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- 
-t11 
1'\\\\\\\\\ 


BUSY --\-1===-t 


3 t'===.~~-H~I- 


MODE -A-cqU;-re~ __te==c=on=vert===l--I-Acq-Ui-re 
-! 
--- 


I 
I 


D~~~ 
Hi_-Z_S_ta_te 
~~ 
HIZState 


1- t'3-; 
- 
19=I 


son 


V,. 
V,. 


+SV 
SkU 


AGND1 


SkUt 


SV 
REF 
~, 
i 
SkU 
CAP 


AGND2 
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_____ 
• 
~A&~_&•••••.•••.• O>4UUuU,.••••. v •••.. 
rU!\ 
•• 1I1~ 
5cllJ1 
;:)IUl,;C UIC Ullsel 
directly affects the gain. To achieve optimum performance, 
several iterations 
may be required. 


Hardware 
Calibration 
To calibrate the offset and gain of the ADS781 0, install the 
proper resistors 
and potentiometers 
as shown in Figure 4. 
The calibration 
range is ±SOmV for the offset and ±13SmV 
for the gain. 


Software 
Calibration 
To calibrate the offset and gain of the ADS781O, no external 
resistors 
are required. 
See the No Calibration 
section for 
details 
on the effects 
of the external 
resistor. 
Refer 
to 
Table 
IV for range of gain errors 
with and without 
the 
external son resistor. 


No Calibration 
See Figure 
4 for circuit 
connections. 
The son external 
resistor shown in Figure 4 may not be necessary 
in some 
applications. 
This resistor provides 
trim capability 
for the 
gain of the ADS78l0. 
The nominal transfer function of the 
ADS7810 
will 
be bound 
by the shaded 
region 
seen 
in 
Figure S with a typical offset of OmV and a typical gain error 
of -1.6%. 
Refer to Table IV for range of offset and gain 
errors with and without external resistors. 


A 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


,,"'u 
-40 < BPO < 40 
-40 < BPO < 40 
mV 


-8 < BPO < 8 
-8 < BPO < 8 
LSBs 


Gain 
Error 
-0.5 
< error < 0.5 
-2.5 
< error <-1 
%of 
FSR 


TABLE 
IV. Offset 
and Gain 
Errors 
With 
and 
Without 
External Resistors. 


The ADS7810 can operate with its internal2.SV 
reference or 
an external reference. 
By applying an external reference 
to 
pin 3, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output of the 
buffer accessible 
on CAP (pin 4). 


The internal 
reference 
has a 8 ppm/°C 
drift (typical) 
and 
accounts 
for approximately 
20% 
of the full 
scale 
error 
(FSE = ±O.S% for low grade, ±O.2S% for high grade). 


REF 


REF (pin 3) is an input for an external reference or the output 
for the internal 2.SV reference. A 0.1 ~ 
capacitor should be 
connected as close to the REF pin as possible. The capacitor 
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band limn nOise on the reference. 
Using a smaller 
value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. 


The range for the external 
reference 
is 2.3V to 2.7V and 
determines 
the actual 
LSB size. Increasing 
the reference 
voltage will increase the full scale range and the LSB size of 
the converter 
which can improve the SNR. 


CAP 


CAP (pin 4) is the output of the internal reference buffer. A 
2.2/!F capacitor 
should be placed as close to the CAP as 
possible 
to provide 
optimum 
switching 
currents 
for the 
CDAC throughout 
the conversion 
cycle and compensation 
for the output of the buffer. Using a capacitor 
any smaller 
than IllF can cause the output buffer to oscillate and may not 
have 
sufficient 
charge 
for the CDAC. 
Capacitor 
values 
larger than 2.2/!F will have little effect on improving perfor- 
mance. The voltage on the CAP pin is approximately 
2V 
when using the internal reference, 
or 80% of an externally 


supplied reference. 


POWER 


For optimum performance, 
tie the analog and digital power 


pins to the same +SV power supply and tie the analog and 
digital grounds together. The ADS7810 uses the majority of 
its power 
for analog 
and static 
circuitry. 
The ADS7810 
should be considered 
as an analog component. 


The +SV power for the ADS should be separate 
from the 


+SV used for the system's 
digital 
logic. Connecting 
VDIG 


(pin 21 and 27) directly 
to a digital 
supply 
can reduce 
converter 
performance 
due to switching 
noise 
from 
the 


digital logic. For best performance, 
the +SV supply can be 


produced from whatever analog supply is used for the rest of 
the analog signal conditioning. 
If + 12V or + ISV supplies are 
present, 
simple +SV and -SV regulators 
can be used. Al- 
though it is not suggested, 
if the digital supply must be used 
to power the converter, be sure to properly filter the supply. 
Either using a filtered digital supply or a regulated 
analog 


supply, the VDIG and VANA pins should be tied to the same 
+SV source. 


Three ground pins are present on the ADS7810. 
DGND is 
the digital 
supply 
ground. 
AGND2 
is the analog 
supply 
ground. 
AGND I is the ground 
which 
all analog 
signals 
internal to the AID are referenced. 
AGNDI 
is more suscep- 
tible to current induced voltage drops and must have the path 
of least resistance 
back to the power supply. 


All the ground pins of the ADS should be tied to the analog 
ground 
plane, 
separated 
from 
the system's 
digital 
logic 
ground, to achieve optimum performance. 
Both analog and 
digital ground planes should be tied to the "system" 
grOUndlll 
as near to the power 
supplies 
as possible. 
This helps 
to 
prevent 
dynamic 
digital 
ground 
currents 
from modulating 
the analog ground through a common 
impedance 
to power 
ground. 


SIGNAL 
CONDITIONING 


The FET switches used for the sample hold on many CMOS 
AID converters 
release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
FET switch on the ADS781 0, compared to FET switches on 
other 
CMOS 
AID converters, 
releases 
So/o-lO% 
of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. The end result is a minimal 
requirement 
for the op amp on the front end. Any op amp 
sufficient for the signal in an application 
will be sufficient to 
the drive the ADS781O. 


The resistive 
front end of the ADS7810 
also provides 
a 
guaranteed ±2SV over voltage protection. 
In most cases, this 
eliminates 
the need for external input protection 
circuitry. 


INTERMEDIATE 
LATCHES 


The ADS7810 
does have tri-state 
outputs 
for the parallel 
port, but intermediate 
latches should 
be used if the bus will 
be active during conversions. 
If the bus is not active during 
conversions, 
the tri-state outputs can be used to isolate the 
AID from other peripherals 
on the same bus. 


Intermediate 
latches are beneficial 
on any monolithic 
AID 
converter. The ADS7810 has an internal LSB size of 61O/!V. 
Transients 
from fast switching 
signals on the parallel port, 
even when the AID is tri-stated, can be coupled through the 
substrate 
to the analog 
circuitry 
causing 
degradation 
of 
converter 
performance. 
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PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


16-Bit 250kHz Sampling 
CMOS 
ANALOG-ta-DIGITAL 
CONVERTER 


• 
250kHz 
SAMPLING 
RATE 


• 
±2.5V INPUT RANGE 


• 
COMPLETE 
WITH StH, REF, CLOCK, 
ETC. 


• 
FULL PARALLEL 
DATA OUTPUT WITH 
LATCHES 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


• 
86dB min SINAD WITH 100kHz INPUT 


• 
INL: ±1.5 LSB max 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
DNL: 16 Bits "No Missing 
Codes" 


The ADS7811 
is a complete 
l6-bit sampling 
analog- 
to-digital 
converter 
using 
state-of-the 
art 
CMOS 
structures. 
It contains 
a l6-bit 
capacitor-based 
SAR 
AID with inherent S/H, reference, clock, interface for 
microprocessor 
use, 
and three-state 
output 
drivers. 
The 28-pin ADS7811 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial-25°C 
to +85°C range. The ADS78 I 1 is 
specified 
at a 250kHz 
sampling rate, and guaranteed 
over the full temperature 
range. A ±2.5V input range 
allows development 
of precision 
systems using only 


±5V supplies. 


---Rie 


Successive Approximation 
Register and Control Logic 
--- 
cs 


BUSY 


±2.5V Input 
Output 


Latches 


and 
Parallel 
Data 


Three 
Bus 


State 


Drivers 


REFOutiln 


BURR-BROWNe 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ADS7811P, 
U 
ADS7811 PB, UB 


PARAMETER 
, 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
.•.. 


RESOLUTION 
16 
Brts 
.•.. 
co 
ANALOG 
INPUT 
,..... 


Voltage Range 
±2.5V 
V 
en 
Impedance 
100 
Mn 
C 
Capacitance 
50 
pF 
<t 
THROUGHPUT 
SPEED 
Conversion 
Cycle 
Acquire and Convert 
4.0 
~s 


Throughput 
Rate 
250 
kHz 


DC ACCURACY 
Integral Linearity Error 
±3 
±1.5 
±3 
LSBI'1 


No Missing Codes 
14 
15 
Bits 
en 
Transition 
Noise(2) 
1 
LSB 
Full scale 
Error(3,.) 
±0.5 
±0.25 
% 
I- 


Full SCale Error Drift 
. 
±7 
±5 
ppm/"C 
Z 
Bipolar Zero Error(3) 
±10 
mV 
W 
Bipolar Zero Error Drift 
±2 
ppm/"C 
Z 
Power Supply Sensrtivity 
0 


(VOIG~ VANA - yo) 
+4.75V < Vo < +5.25V, 
±4 
LSB 
a. 


-5.25V 
< -VANA < -4.75V 
±4 
LSB 
:= 
ACACCURACY 
0 
Spurious-Free 
Dynamic Range 
fiN= 100kHz 
90 
96 
dBIS} 
0 
Total Harmonic 
Distortion 
fiN= 100kHz 
-90 
-96 
dB 
Signal-to-(Noise+Oistortion) 
t'N ~ 100kHz 
84 
86 
dB 
Z 
4lOdB 
Input 
28 
30 
dB 
0 
Signal-la-Noise 
f'N - 100kHz 
84 
86 
dB 
i= 
Full Power Bandwidth'.) 
1 
MHz 


SAMPLING 
DYNAMICS 
en 
Aperture 
Delay 
40 
ns 
::;) 
Transient 
Response 
FS Step 
600 
ns 
0 
Overvoltage 
Recovery(7) 
150 
ns 


REFERENCE 
0 


Internal Reference 
Voltage 
2.48 
2.5 
2.52 
V 
c:r:: 


Internal Reference 
Source Current 
1 
~ 
~ 
External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 


for Specified 
Linearity 
<c 
External Reference 
Current Drain 
VREF = +2.5V 
100 
~A 
C 
DIGITAL 
INPUTS 
en 
Logic Levels 
VIL 
~.3 
+0.8 
i 
V 
~ 
V,H 
+2.8 
Vo +0.3V 
V 
W 
III 
±10 
~ 
I- 


I'H 
±10 
~ 
~ 


DIGITAL 
OUTPUTS 
W 


Data Format 
Parallel 16 bits 
> 
Data Coding 
Binary Two's Complement 
Z 
yO<. 
'SINK 
= 1.6mA 
+0.4 
V 
0 
VOH 
ISOURCE- 200~ 
+4 
V 
0 
Leakage Current 
High-Z State, 
±5 
~ 


Vour = OV to VQIG 
C 
Output Capacitance 
High-Z State 
15 
15 
pF 
< 
DIGITAL 
TIMING 
Bus Access Time 
65 
ns 


Bus Relinquish 
Time 
65 
ns 


The information 
provided 
herein is believed to be reliable; however. 
BURR~BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility for the use of this information. and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 


authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 


BURR ~BROWN_ 
IEilEilI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


· 
ADS7811P, 
U 
ADS7811 PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLIES 
Specified 
Performance 


VOIG 
+4.75 
+5 
+5.25 
V 


+VANA 
+4.75 
+5 
+5.25 
V 


-VANA 
-5.25 
-5 
-4.75 
V 


Power 
Dissipation 
fs = 250kHz 
160 
250 
mW 


TEMPERATURE 
RANGE 


Specified 
Pertormance 
-25 
+85 
·C 
Storage 
-55 
+125 
·C 


NOTES: 
(1) LSB means 
Least Significant 
Bit. For the 16-bit, ±2.5V 
input ADS7811, 
one LSB is 76~V. (2) Typical 
rms noise at worst case transitions 
and 


temperatures. 
(3) Adjustable 
to zero with external 
potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed 
deviation 
from ideal 
first and last code transitions, 
divided by the transition voltage (not divided by the full-scale 
range) and includes the effect of offset error. (5) All specifications 
in 


dB are referred to a full-scale ±2.5V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which Signal-to-(Noise+Distortion) 
degrades to 6OdB, 
or 10 bits of accuracy_ 
(7) Recovers 
to specified 
performance 
after 2 x FS input QV9rvoltage. 


BURR - BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
11:11:11 


V,N 


AGN01 
REF 


CAP 
AGN02 
015 (MSB) 


014 
013 
012 
011 
010 
09 
08 
oGNo 
07 
06 
05 
04 
03 
02 
01 
DO (LSB) 
-VANA 
RIG 


Analog Inpul. Full-scale input range is ±2.5V. 
Analog 
Ground. 
Used internally 
as ground reference 
point. 


Reference 
InpuUOutput. 
Outputs 
internal 
reference 
of +2.5V 
nominal. 
Can 
also be driven by external 
system 
reference. 
In 
both cases, 
connect 
to ground with a O.IJ.lF 
ceramic 
capacitor. 


Reference 
compensation 
capacitor. 
2.2J.lF tantalum 
capacitor 
to ground. 


Analog ground. 
Data Bit 15. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when Rie 
is lOW. 


Data Bit 14. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 13. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 12. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Brt 11. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Brt 10. Hi-Z state when CS is HIGH, or when RlC is LOW. 
Data Bit 9. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 8. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Digital Ground. 
Data Bit 7. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 6. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 5. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 4. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 3. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 2. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 1. Hi-Z state when CS is HiGH, or when RIG is LOW. 
Data Bit O. Least Significant 
Bit (LSB) 01 conversion 
results. Hi-Z state when CS is HiGH, or when RIG is LOW. 
Analog 
negative 
supply input. Nominally 
-5V. 
Decouple 
to analog 
ground with O.IJ.i.F ceramic 
and 10J.i.F tantalum 
capacitors. 
Readlconvert 
inpul. With CS LOW, a falling edge on RIG puts the internal sample/hold 
into the hoid state and starts a 
conversion. 
With CS LOW, a rising edge on Rie enables 
the output data bits. 
Chip select. Internally OR'd with Ale. With RIG LOW, 
a falling edge on CS will initiate a conversion. 
With RIG HIGH, 
a falling 
edge on CS will enable the output data bits. 
Busy output. Falls when a conversion 
is started, and remains 
LOW until the conversion 
is completed 
and the data is latched 
into the output register. With CS LOW and Rie HIGH, 
output data will be valid when BUSY 
rises, so that the rising edge can 
be used to latch the data. CS or RIG must be HIGH 
when BUSY 
rises or another conversion 
will start without time for signal 
acquisition. 


Analog 
positive supply input. Nominally 
+SV. Connect 
directly to pin 28. Decouple 
to ground with O.1~F ceramic 
and 10J.1F 
tantalum 
capacitors. 
Oigi1al supply input. Nominally 
+SV. Connect 
directly to pin 27. Decouple 
to digital ground with O.1~F ceramic 
and 1O~F 
tantalum 
capacitors. 


BURR-BROWNe 
1E:II:=-I 
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Signal Products 


BURR - BROWN® 
1E3E31 


PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


14-Bit 300kHz Sampling 
CMOS 
ANALOG-to-DIG 
TAL CONVERTER 


• 
300kHz SAMPLING 
RATE 


• 
±2.5V INPUT RANGE 


• 
COMPLETE 
WITH S1H, REF, CLOCK, 
ETC. 


• 
FULL PARALLEL 
DATA OUTPUT WITH 
LATCHES 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


• 
82dB min SINAD WITH 100kHz INPUT 


• 
INL: ±2.0LSB 
max 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
DNL: 14 Bits "No Missing 
Codes" 


The ADS7814 
is a monolithic 
CMOS 
l4-bit analog- 
to-digital converter using state-of-the-art 
CMOS struc- 
tures. It contains a l4-bit, capacitor-based, 
SAR AID 
with 
inherent 
StH, reference, 
clock, 
interface 
for 
microprocessor 
use, and three-state 
output drivers. 


The ADS7814 is available in a 28-pin plastic DIP and 
SOlC, 
both 
fully 
specified 
for operation 
over 
the 
industrial 
-40°C 
to +85°C 
temperature 
range. 
The 
ADS7814 
is specified at a 300}dlz sampling rate, and 
guaranteed 
over the full temperature 
range. A ±2.5V 


input range allows development 
of precision 
systems 


using only ±5V supplies. 


RiC 


Successive Approximation 
Register and Control Logic 
cs 


BUSY 


Output 


Latches 


and Three 


State 


Three 


State 


Parallel 


Data 


BURR-BROWNe 
IElElI 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


ADS7814P, 
U 
ADS7814PB, 
UB 
~ 
""'" 
PARAMETER 
CDNDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
co 
RESOLUTION 
14 
Bits " 
ANALOG 
INPUT 
CJ) 


Voltage Range 
±2.5 
V 
C 
Impedance 
100 
MQ 
<C 
Capacitance 
50 
pF 


THROUGHPUT 
SPEED 
Conversion 
Cycle 
Acquire and Convert 
3.33 
liS 
Throughput 
Rate 
300 
kHz 


DC ACCURACY 
Integral Linearity Error 
±3 
±2 
LSB") 


No Missing Codes 
. 
13 
14 
Bits 
en 
Transition 
Noise(2) 
0.2 
LSB 
I- 


Full Scale Erro~3.') 
±0.5 
±0.25 
% 
Z 
Full Scale Error Drift 
±7 
±5 
ppml"C 
W 
Bipolar Zero Error<31 
±10 
mV 
Z 
Bipolar Zero Error Drift 
±2 
ppml"C 
0 
Power Supply Sensitivity 
a. 
(VOIO" 
VANA" Vs) 
+4.75V < Va < +5.25V 
±4 
LSB 
+5.25V < VANA< -4.75V 
±4 
LSB 
== 
AC ACCURACY 
0 
Spurious-Free 
Dynamic 
Range 
fiN= 100kHz 
88 
90 
dB<S) 
0 
Total Harmonic 
Distortion 
fiN= 100kHz 
~ 
-90 
dB 
Z 
Signal-to-(Noise+Distortion) 
fiN= 100kHz 
80 
82 
dB 
0 
-£OdB Input 
22 
24 
dB 
Signal-ta-Noise 
fIN" 
100kHz 
80 
82 
dB 
i= 
Full Power Bandwidth(6) 
1 
MHz 
en 
SAMPLING 
DYNAMICS 
Aperture 
Delay 
40 
ns 
::::) 
Transient 
Response 
FS Step 
600 
ns 
0 
OV8rvoitage 
Recovery(7) 
150 
ns 
0 
REFERENCE 
< 
Internal Reference 
Voltage 
2.46 
2.5 
2.52 
V 
Internal Reference 
Source Current 
1 
11A 
~ 
(Must use external buller) 


External Reference 
Vohage Range 
2.3 
2.5 
2.7 
V 
« 
for Specified 
Linearity 
C 
External Reference 
Current Drain 
VREF 
"" +2.5V 
100 
11A 


DIGITAL 
INPUTS 
en 
Logic Levels 
a: 
V" 
-0.3 
+0.8 
V 
W 
V,H 
+2.8 
Vo +0.3 
V 
I- 


I'L 
±10 
11A 
a: 
I'H 
±10 
11A 
W 
DIGITAL 
OUTPUTS 
> 
Data Format 
Parallel 14 bits 
Z 
Data Coding 
Binary Two's Complement 
0 
Va. 
ISINK'" 
1.6mA 
+0.4 
V 
VOH 
ISOURCE 
" 20011A 
+4 
V 
0 
Leakage Current 
High-Z State, 
±5 
11A 
C 
VOUT = OV to VOIG 
< 
Output Capacitance 
High-Z State 
15 
15 
pF 


DIGITAL 
TIMING 
Bus Access Time 
65 
ns 


Bus Relinquish 
Time 
65 
ns 
POWER SUPPLIES 
Specified 
Perlormance 
VOIG 
+4.75 
+5 
+5.25 
V 
+VANA 
+4.75 
+5 
+5.25 
V 
-VANA 
-5.25 
-5 
-4.75 
V 
Power Dissipation 
fs = 300kHz 
160 
250 
mW 
TEMPERATURE 
RANGE 
Specified 
Perlormance 
-40 
+85 
"C 


Derated Performance 
-55 
+125 
"C 


NOTES. 
(1) 
LSB 
means 
Leasl 
Significanl 
BII. For 
the 
14-bil, 
±2.5V 
input 
ADS7614, 
one 
LSB 
is 305~V. 
(2) Typical 
rms 
noise 
at worst 
case 
transitions 
and 
temperatures. 
(3) Adjustable to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed deviation from ideal 
first and last code transitions, 
divided by the transition voltage (not divided by the full-scale 
range) and includes the effect of offset error. (5) All specifications 
in 
dB are referred to a full-scale ±2.5V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which Signai-to-(Noise+Distortion) 
degrades to 6OdB, 


or 10 bits of accuracy. 
(7) Recovers to specified perlormance 
after 2 x FS input overvoltage. 


BURR - BROW"N_ 
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"'N 
2 
AGND1 
3 
REF 


4 
CAP 
5 
AGND2 
6 
DNC 
7 
DNC 
8 
013 (MSB) 
9 
012 
10 
011 
11 
010 
12 
09 
13 
08 
14 
DGND 
15 
07 
16 
06 
17 
05 
18 
04 
19 
03 
20 
02 
21 
01 
22 
DO (LSB) 


23 
-VANA 


24 
RIG 


25 
CS 


26 
BUSY 


27 
+VANA 


28 
V01G 


TABLE I. Pin Assignments. 


MIICUUY II tJJUl. rUII-:;CcU8 
Input 
range 
IS ~~.~v. 


Analog Ground. 
Used internally as ground reference 
point. 


Reference 
Input/Output. 
Outputs internal reference 
of +2.5V 
nominal. 
Must be buffered externally 
to maintain 
AOS7811 
accuracy. 
Can also be driven by external 
system reference. 
In both cases, connect to ground with a O.1~F ceramic 


capacitor. 
Reference 
Compensation 
Capacitor. 
2.2J,J.Ftantalum 
to ground. 


Analog Ground. 
Do Not Connect. 
Make 
no connection 
to this pin. 
Do Not Connect. 
Make 
no connection to this pin. 
Data Bit 13. Most significant bit (MSB of conversion 
results. Hi-Z state when CS is HIGH, 
or when RIG is LOW. 


Dala Bil 12. Hi-Z slale when CS is HIGH, or when RIG is LOW. 
Dala Bit 11. Hi-Z slale when CS is HIGH, or when RIG is LOW. 
Dala Bit 10. Hi-Z slale when CS is HIGH, or when RIG is LOW. 
Dala Bit 9. Hi·Z state when CS is HIGH, or when RIG is LOW. 
Dala Bit 8. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Digilal Ground. 
Dala Bit 7. Hi-Z slate when CS is HIGH, or when RIG is LOW. 
Data Bit 6. Hi-Z state when CS is HIGH, or when RIG is LOW. 
Data Bit 5. Hi-Z stale when CS is HIGH, or when RIG is LOW. 
Data Bil 4. Hi-Z stale when CS is HIGH, or when RIG is LOW. 
Data Bit 3. Hi-Z state when CS is HIGH, or when RIG is LOW. 
I 


Data Bil 2. Hi-Z stale when CS is HIGH, or when RIG is LOW. 
Data Bit 1. Hi-Z stale when CS is HIGH, or when RIG is LOW. 
Data Bit O. Least significant bit (LSB) of conversion 
results. Hi-Z state when ~ 
is HIGH, 
or when Ric is LOW. 


Analog negative supply input. Nominally -5V. 
Decouple to analog ground with O.l~F ceramic and 10~F tantalum 
capacitors. 
Read/Convert 
Input. With CS LOW, a falling edge on RIG inpuls the inlernal samplelhold 
inlo the hold state and starts 
a conversion. 
With CS LOW, a rising edge on Ric 
enables the output data bits. 
Chip Select. Intemally OR'd with RIG. With RIG LOW, a falling edge on CS will initiate a conversion. 
With RlC HIGH, a 
falling edge on CS will enable 
the output data bits. 


Busy output. Falls when a conversion 
is started, and remains 
LOW until the conversion 
is completed 
and the data is 
latched into the output register. With CS LOW and Rie 
HIGH, 
output data will be valid when BUSY 
rises, so that the 
rising edge can be used to latch the data. CS or Rie must be HIGH 
when BUSY 
rises or another conversion 
will start, 


without time for signal acquisition. 
Analog 
Positive Supply 
Input. Nominally 
+SV. Connect 
directly to pin 28. Decouple 
to ground with O.1J.1Fceramic 
and 
10J,lF tantalum 
capacitors. 
Digital Supply Input. Nominally +5V. Connecl directly 10 pin 27. Decouple 10 digilal ground wilh 0.1~F ceramic and 10~F 
tantalum 
capacitors. 


The information 
provided 
herein is believed 
to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissiono. 
BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 


authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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BURR - BROWN® 
113131 


12-Bit 800kHz Sampling 
CMOS 
ANALOG-ta-DIGITAL 
CONVERTER 


• 
1.25~ 
THROUGHPUT 
TIME 


• 
STANDARD 
±2.5V INPUT RANGE 


• 
70dB min SINAD WITH 250kHz 
INPUT 
• ±3/4 LSB max INL AND ±1 LSB max DNL 


• 
INTERNAL 
REFERENCE 


• 
COMPLETE 
WITH SIH, REF, CLOCK, 
ETC. 


• 
PARALLEL 
DATA wI LATCHES 


• 
28-PIN 0.3" PDIP AND SOIC 


The ADS7819 
is a complete 
12-bit sampling 
AID 
using state-of-the-art 
CMOS structures. 
It contains 
a 


complete 
12-bit capacitor-based 
SAR AID with irther- 
ent S/H, reference, clock, interface for microprocessor 
use, and three-state 
output drivers . 


The ADS7819 
is specified 
at an 800kHz 
sampling 


rate, and guaranteed 
over the full temperature 
range. 
Laser-trimmed 
scaling resistors provide a ±2.5V input 
range and inherent overvoltage 
protection up to ±25V. 


The 28-pin ADS7819 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial --40°C to +85°C range. 


Three 
State 
Parallel 
Data 
Bus 


Output 
Latches 


and 


Three 
State 
Drivers 


BURR-BROWN" 
IElElI 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


ADS7819P. 
U 
ADS7819PB, 
UB 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bits 


ANALOG 
INPUT 
Voltage Range 
±2.5 
V 
Impedance 
3.1 
kn 
Capac~ance 
5 
pF 


THROUGHPUT 
SPEED 
Conversion 
Time 
940 
ns 
Complete 
Cycle 
Acquire 
& Convert 
1250 
ns 
Throughput 
Rate 
800 
kHz 


DC ACCURACY 
Integral linearity 
Error 
±1 
±0.75 
LSB") 


Differential 
Linearity 
Error 
±1 
LSB 
No Missing Codes 
Guaranteed 
Transition 
Noise(2) 
0.1 
LSB 
Full scale 
Erro"'· 
') 
±D.5 
±D.25 
% 


Full scale 
Error Drift 
±12 
ppml"C 
Full scale 
Erro"'· 
') 
Ext. 2.5000V Ref 
±D.5 
% 
Full SCale Error Drift 
Ext. 2.5OO0V Ref 
±12 
ppml"C 
Bipolar Zero Error(3) 
±8 
±4 
LSB 
Bipolar Zero Error Drift 
±2 
ppml"C 
Power Supply Sensitivity 


(+VOIG = +V""" 
= Vol 
+4.75V < Vo < +5.25V 
±5 
LSB 
-5.25V 
< -V""" 
< -4.75V 
±D.5 
LSB 


AC ACCURACY 
Spurious-Free 
Dynamic Range 
fiN = 250kHz 
74 
84 
77 
85 
dB'S) 
Tatal Harmonic 
Distortion 
fINz 250kHz 
~2 
-74 
~ 
-77 
dB 
Signal-to-(Nois9+0istortion) 
f•• = 250kHz 
68 
71 
70 
dB 
S+gnal·to-Noise 
f•• = 250kHz 
68 
71 
70 
dB 
Usable Bandwidth(6l 
1.5 
MHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
20 
ns 
Aperture Jitter 
10 
ps 
Transient 
Response 
FS Step 
180 
ns 
Overvoltage 
Recovery{7) 
250 
ns 


REFERENCE 
Internal Reference 
Voltage 
2.48 
2.5 
2.52 
V 
Internal Reference 
DC Source Current 
100 
lIA 
(External load should be static) 
Internal Reference 
Drift 
6 
ppml"C 
External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
For Specified 
Linearity 
External Reference 
Current Drain 
Ext. 2.5OO0V Ref 
100 
~A 


DIGITAL 
INPUTS 
logic 
Levels 
VIL 
-{l.3 
+0.8 
V 
V,H 
+2.4 
Vo + 0.3 
V 
III 
VIL = OV 
±10 
lIA 


I'H 
V,H - 
5V 
±10 
lIA 


DIGITAL 
OUTPUTS 
Data Format 
Parallel 12-bits 
Data Coding 
Binary Two's Complement 
VOl 
IS1NK"" 1.6mA 
+0.4 
V 
VQH 
ISOURCE = 500llA 
+2.8 
V 
Leakage Current 
High-Z State, 
±5 
lIA 
Voor• 
OV to VOIG 
Output Capacitance 
High-Z State 
15 
pF 


DIGITAL 
TIMING 
Bus Access Time 
62 
ns 
Bus Relinquish Time 
83 
ns 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omiSSiOnS.BURR· BROWN assumes 
no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support dev;ces and/or systems. 
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SPECIFICATIONS 
(CO NT) 


PARAMETER 


POWER SUPPLIES 
Specified 
P.rformance 


+VOIG:lIE +V1J'(A 
-VANA 
+IOIG 
+IANA 
-IANA 


Derated 
Performance 


+V01G"" 
+VANA 


-VANA 


Power Dissipation 


ADS7819P. 
U 


MIN 
TYP 
MAX 


ADS7819PB. 
UB 


MIN 
TYP 
MAX 


+4.75 
+5 
+5.25 


-5.25 
-5 
-4.75 


+16 
+16 
-13 


+4.5 
+5 
+5.5 


-5.5 
-5 
-4.5 
225 
275 


TEMPERATURE 
RANGE 


Specified 
P.rformance 


Derated Performance 
Storage 
Thermal 
Resistance 
(6JA) 


Plastic DIP 
SOIC 


NOTES: 
(1) lSB 
m.ans 
l.ast 
Significant 
Bit. For the 12·bit, ±2.5V 
input ADS7819, 
on. 
LSB is 1.22mV. (2) Typical 
rms noise at worst cas. 
transitions 
and 


temperatures. 
(3) Measured 
with 50n 
in series with analog 
input. Adjustable 
to zero with external 
potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale 


or +Full scale untrimmed deviation from ideal first and last code transitions, 
divided by the transition 
voltage (not divided by the full-scale 
range) and includes 
the 
.ffect 
of offs.t 
.rror. 
(5) All specifications 
in dB are r.f.rred 
to a full-scal. 
±2.5V input. (6) Usabl. 
Bandwidth d.fined 
as Full-scal. 
input frequ.ncy 
at which Signal- 
to-(Nois.+Distortion) 
degrad.s 
to SOdB, or 10 bits ot accuracy. 
(7) Recov.rs 
to specified 
performance 
aft.r 
2 x FS input ov.r voltag •. 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Analog Inputs: V,N 
. 
±25V 
REF 
+VANA 
+0.3V to AGND2 -{).3V 
CAP 
Ind.linit. 
Short to AGND2 
Momentary Short to +VANA 


Ground Voltag. 
Diff.r.nc.s: 
DGND, 
AGND1, AGND2 
. ±0.3V 


+VANA 
•••••••••••••••••••••• 
•••••••••••••• 
+7V 


+VOIG to +V ANA 
....•..•..•..•.•..••.•..•....•..•..• 
.. +O.3V 


+VOIG 
.........•..•..•.•..•..•..•. 
. .•..•..•.•. 
7V 
-VANA 
••••• 
• •••••••••••••••.•••••• 
-7V 


Dig~allnputs 
. 
-{).3V to +VOIG +0.3V 


Maximum Junction Temperature 
. 
+165°C 


Internal Power Dissipation. 
. 
825mW 
L.ad T.mperatur. 
(sold.ring, 
10s) 
.. +300°C 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 


performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 


methods. 


MINIMUM 


MAXIMUM 
SIGNAl·TO· 


INTEGRAL 
(NOISE + 
SPECIFICATION 
LINEARITY 
DISTORTION) 
TEMPERATURE 
PACKAGE 
DRAWING 
MODEL 
ERROR (LSB) 
RATIO (dB) 
RANGE 
PACKAGE 
NUMBERl') 


ADS7819P 
±1 
68 
-40°C 
to +85°C 
28-Pin Plastic DIP 
246 


ADS7819PB 
±0.75 
70 
-40°C 
to +85°C 
28-Pin Plastic DIP 
246 


ADS7819U 
±1 
68 
-40°C 
10 +85°C 
28-Pin SOIC 
217 


ADS7819UB 
±0.75 
70 
-40°C 
to +85°C 
28-Pin SOIC 
217 


BURR - BROWNe 
IE3 E31 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


!"'IN" 
NAMe 
vu 
DESCRIPTION 


1 
V,N 
Analog Input. Connect via son to analog input. Full-scale 
input range is ±2.5V. 
2 
AGND1 
Analog Ground. Used internally as ground reference 
point. Minimal current flow. 
3 
REF 
Reference 
Input/Output. 
Outputs internal reference of +2.SV nominal. Can also be driven by external system 
reference. 
In both cases, decouple to ground with a 0.11J-Fceramic capacitor. 
4 
CAP 
Reference 
Buffer Output. 10IJ-Ftantalum capacitor to ground. Nominally +2V. 
5 
AGND2 
Analog Ground. 
6 
D11 (MSB) 
0 
Data Bit 11. Most Significant 
Bit (MSB) of conversion 
results. Hi-Z state when CS is HIGH, or when Rie 
is 
LOW, or when a conversion 
is in progress. 


7 
D10 
0 
Data Bit 10. Hi-Z state when CS is HIGH, or when R/e is LOW, or when a conversion 
is in progress. 
8 
D9 
0 
Data Bit 9. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
9 
D8 
0 
Data Bit 8. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
10 
D7 
0 
Data Bit 7. Hi~Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
11 
D6 
0 
Data Bit 6. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


12 
D5 
0 
Data Bit 5. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
13 
D4 
0 
Data Bit 4. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
14 
DGND 
Digital Ground. 
15 
D3 
0 
Data Bit 3. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
16 
D2 
0 
Data Bit 2. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
17 
D1 
0 
Data Bit 1. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 
18 
DO (LSB) 
0 
Data Bit 0. Least Significant 
Bit (LSB) of conversion 
results. Hi-Z state when CS is HIGH, or when R/e is 
LOW, or when a conversion 
is in progress. 
19 
Not internally connected. 
20 
+VANA 
Analog Positive Supply Input. Nominally +SV. Connect directly to pins 21, 27 and 28. 
21 
+V01G 
Digital Suppiy Input. Nominally +5V. Connect directly to pins 20, 27 and 28. 
22 
DGND 
Digital ground. 
23 
RIG 
I 
Read/Convert 
Input. With ~ 
LOW, a falling edge on RIG puts the internal samplelhol<!-into 
the hold state and 
starts a conversion. 
With CS LOW and no conversion 
in progress, 
a rising edge on RlC enables the output 
data bits. 
24 
CS 
I 
Chip Select. With RIG LOW, a falling edge on CS will initiate a conversion. 
With RIG HIGH and no conversion 
-- 
in progress, a falling edge on CS will enable the output data bits. 
25 
BUSY 
0 
Busy Output. Falls when a conversion 
is sta~, 
and remain~ LOW until the conversion 
is completed-!ill!Jhe 
data is latched into the output register. With CS LOW and RlC HIGH, output data will be valid when BUSY 
rises, so that the rising edge can be used to latch the data. 
26 
-VANA 
Analog Negative Supply Input. Nominally -5V. 
Decouple to ground with 0.11J-Fceramic and 10jlF tantalum 
capacitors. 
27 
+VOlG 
Digital Supply Input. Nominally +SV. Connect directly to pins 20, 21 and 28. 
28 
+VANA 
Analog Positive Supply Input. Nominally +SV. Connect directly to pins 20, 21 and 27, and decouple 
to ground 
with 0.1jlF ceramic and 10JlF tantalum capacitors. 


V,N 
28 
+VANA 


AGND1 
+V01G 


REF 
-VANA 


CAP 
BUSY 


AGND2 
CS 


D11 (MSB) 
RIG 


D10 
DGND 
ADS7819 
D9 
+V01G 


D8 
+VANA 


D7 
NC(1) 


D6 
DO (LSB) 


D5 
D1 


D4 
D2 


DGND 
14 
15 
D3 


NOTE: (1) Not Internally Connected. 
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TYPICAL PERFORMANCE CURVES 


CD~OI--~~~j-~~~j-~j-~j-~~--1 
E 


<I>~~OI-~~~t-~~~t-~t-~t-~~---1 
c. 
~-801-~~~t-~~~t--t--t------1 


I • 
I' n 
11 
r 
I 
r' 
'I 
"'F" 
\ 
•• 
., 
I' 
r 


Ibl* JU ~Il~LllIUJldl~~".1 
~ltldJI'l,IJ b"l,i'JI~I,IWII 


100 
200 
300 


Frequency(kHz) 


CD ~o 
E 


<I> 
~ ~o 
C. 
E« -80 


200 


Frequency(kHz) 


SIGNAL-TO-(NOISE+ DISTORTION) 
vs INPUTFREQUENCY(f'N' --{).5dB) 
90 


80 


70 


CD 60 
E 
0 
50 
«z 
1ii 
40 


30 


20 


10 


lk 
10k 
lOOk 
1M 
10M 


InputSignalFrequency(Hz) 


, 


'I 
·111" 
r'" 
I 
,. 
f·' 
II' 
'1"'+ 
" 
I~: 
li~I~I,~ 
~~~lIIIlIIIL,j 
J:dliII.IJoI!lIIMiYlj~ili.II.lliJI,1 


CD ~O 
E 


<I> 
~ 
-{)o 


C. 
E« -80 


200 


Frequency(kHz) 


FREQUENCYSPECTRUM 
(4096PointFFT:fl'N = 232kHz,~.5dB: 


f2'N• 272kHz,~.5dB) 
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E 
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~ 
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II '.\" [I ·1 
I 1 
r I 
~II 
II~' 
1 '1 
I 


~jU.JIII~1Ir"I,II~IJI~~'JUtJIl,II~lljillLhl~'iJlliJLI~jWl 
~ II~j 


200 


Frequency(kHz) 


100 


CD 95 
E 
90 
0«z 
85 
1ii 
11 
80 
'"0:'z 
75 
rn 
0:' 
70 
0u-rn 
65 


1- 
V 


SF6R 
I 


/' 
.,/ 
-- ...•...•. 


/' 
THO/' 
'\.. I'... 


SNR i'- 


1"'--, 


SINAo/ 
I 


25 
50 
75 
100 
125 
150 


Temperature 
(0C) 
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TYPICAL PERFORMANCE CURVES (CO NT) 


;;, 
0.5 
l/l 
...J 
0 


ii:i~ ~.5 


-1 


l 
100 
•. 
"8 
<.) 
j 
75 
i 
ill 


512 
1024 
1536 
2048 
2560 
3072 
3584 
4095 
_~ 
50 


:2 


Decimal 
Code 
•. 
>= 
'" 
25 
c:0 
'§•. 
>c:0 
<.) 
'" 
0.5 
III 
l/l 
...J 
ffi~ ~.5 


-1 


D.C. PARAMETERS 
YS. TEMPERATURE 
!I Offset Error 
-1 
~----=;;......:...---=----- 


-2 
------------------- 


0.21 
o.~ 
+Fs Error 


~.1 
~.2 
------------------~ 


0.21 
c m 
0'6 
-Fs Error 
8:2 
.:- 
_ 


Qi!5 
-0.1 
---- 
a.. u: 
-0.2 
~ 


-75 
-50 
-25 
o 
25 
50 
75 
100 
125 
150 


Temperature 
(OC) 


1200 


1150 


1100 
'"c: 
1050 
•. 
E 
i= 
1000 
c:0 
950 
"§•. 
> 
900 
c:0 
<.) 


850 


800 


,/" 


./ ~ 
--- 
-- 


750 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


Temperature 
(0C) 


2.520 


2.515 


~ 2.510 


1! 
2.505 
~ 
* 


2.500 
a: 
n; 
2.495 
E 
~ 2.490 


2.485 


2.480 
-75 
-50 
-25 
o 
25 
50 
75 
100 
125 
150 


Temperature 
(OC) 
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BASIC OPERATION 


Figure 
I shows 
a basic circuit 
to operate 
the ADS7819. 


Taking RlC (pin 23) LOW for 40ns will initiate a conver- 
sion. BUSY (pin 25) will go LOW and stay LOW until the 
conversion 
is completed 
and the output 
registers 
are up- 
dated. 
Data will be output 
in Binary Two's 
Complement 
with the MSB on Dll 
(pin 6). BUSY going HIGH can be 


used to latch the data. All convert commands will be ignored 
while BUSY is LOW. 


CS 
RlC 
BUSY 
OPERATION 


1 
X 
X 
None. Databus in Hi-Z state. 
! 
0 
1 
Initiates conversion. 
Databus remains in 
Hi-Z state. 


0 
! 
1 
Initiates conversion. 
Databus enters Hi-Z 


state. 


0 
1 
t 
Conversion 
completed. 
Valid data from the 
most recent conversion 
on the databus. 
! 
1 
1 
Enables databus with valid data from the 
most recent 
conversion. 


! 
1 
0 
Conversion 
in progress. 
Databus 
in Hi-Z 
state, enabled 
when the conversion 
is completed. 


0 
t 
0 
Conversion 
in progress. 
Databus 
in Hi-Z 
state, enabled 
when the conversion 
is compfeted. 


0 
0 
t 
Conversion 
completed. 
Valid data from the 
most recent conversion 
in the output register 
but the output pins D11·DO are tri·stated. 


X 
X 
0 
New convert commands 
ignored. Conversion 
in progress. 


D11 (MSB) 


D10 


D9 


D8 


D7 


D6 


D5 


The ADS7819 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
1.25~ 
between 
convert com- 


mands assures accurate acquisition 
of a new signal. 


The combination 
of CS (pin 24) and RlC (pin 23) LOW for 
a minimum of 40ns puts the sample/hold 
of the ADS7819 
in 
the hold state and starts a conversion. BUSY (pin 25) will go 
LOW and stay LOW until the conversion 
is completed 
and 


the 
internal 
output 
register 
has been 
updated. 
All 
new 
convert commands 
during BUSY LOW will be ignored. 
••• 


The ADS7819 will begin tracking the input signal at the end ~ 
of the conversion. 
Allowing 
1.25~ 
between 
convert com- 


mands assures accurate acquisition 
of a new signal. Refer to 


Table I for a summary 
of CS, RlC, and BUSY states and 
Figures 2 and 3 for timing parameters. 


DESCRIPTION 
ANALOG 
VALUE 
DIGITAL 
OUTPUT 


Full Scale Range 
±2.5V 
BINARY TWO'S 
COMPLEMENT 
Least Significant 
1.22mV 
Bit (LSB) 
BINARY 
CODE 
HEX CODE 


+Full Scale 
2.499V 
011111111111 
7FF 


(2.5V - 1LSB) 


Midscale 
OV 
0000 0000סס oo 
000 


One LSB below 
-1.22mV 
111111111111 
FFF 
Midscale 


-Full 
Scale 
-2.5V 
1000 0000 0000 
800 


Convert Pulse 
LJ 
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the conversion, 
be sure the less critical input is LOW at least 
IOns prior to the initiating 
input. 


To reduce the number of control pins, CS can be tied LOW 
using R/f 
to control the read and convert modes. Note that 
the parallel output will be active whenever R/f 
is HIGH and 
no conversion 
is in progress. See the Reading 
Data section 


and refer to Table I for control line functions for 'read' 
and 


'convert' 
modes. 


The ADS7819 
outputs 
full parallel 
data in Binary 
Two's 


Complement 
data format. The parallel output will be active 
when R/C (pin 23) is HIGH, CS (pin 24) 
is LOW, and no 


conversion is in progress. Any other combination will tri-state 
the parallel output. Valid conversion data can be read in a full 
parallel, 12-bit word on Dll-DO (pins 6-13 and 15-18). Refer 
to Table II for ideal output codes. 


After the conversion 
is completed 
and the output registers 


have been updated, BUSY (pin 25) will go HIGH. Valid data 
from 
the 
most 
recent 
conversion 
will 
be 
available 
on 
D11-DO (pins 6-13 and 15-18). BUSY going HIGH can be 
used to latch the data. Refer to Table III and Figures 2 and 3. 


Note: For best performance, 
the external data bus connected 
to D 11-DO should not be active during a conversion. 
The 
switching 
noise of the external 
asynchronous 
data signals 
can cause digital 
feed through 
degrading 
the converter's 


performance. 


The number of contr~ 
lines can be reduced 
by tieing CS 
LOW while using R/C to initiate conversions 
and activate 
the output mode of the converter. 
See Figure 2. 


The ADS7819 
has a ±2.5V input range. Figures 4a and 4b 


show the necessary 
circuit connections 
for the ADS7819 


with and without 
external 
hardware 
trim. Offset and full 


scale errorll) specifications 
are tested and guaranteed 
with 
the son resistor shown in Figure 4b. This external resistor 
makes it possible to trim the offset ±12mV using a trim pot 
or trim DAC. This resistor may be left out if the offset and 
gain errors 
will be corrected 
in software 
or if they 
are 


negligible 
in regards to the particular 
application. 
See the 
Calibration 
section of the data sheet for details. 


resistor. The input resistor divider network provides inherent 
over-voltage 
protection 
guaranteed 
to at least ±25V. 
The 


son, I% resistor does not compromise 
the accuracy or drift 
of the converter. It has little influence relative to the internal 
resistors, and tighter tolerances 
are not required. 


Note: The values 
shown for the internal 
resistors 
are for 
reference only. The exact values can vary by ±30%. This is 
true of all resistors internal to the ADS7819. 
Each resistive 
divider is trimmed so that the proper division is achieved. 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


t, 
Convert 
Pulse Width 
40 
ns 


t, 
Data Valid Delay 
965 
1100 
ns 


After Start of Conversion 
-- 
t3 
BUSY Delay 
70 
125 
ns 


From Start of Conversion 
-- 
4 
BUSY LOW 
960 
1085 
ns 
-- 
Is 
BUSY Delay After 
90 
ns 


End of Conversion 


4; 
Aperture 
Delay 
20 
ns 


t, 
Conversion 
Time 
940 
1030 
ns 


t, 
Acquisition Time 
180 
220 
ns 


t, 
& Is 
Throughput 
Time 
1120 
1250 
ns 


t, 
Bus Relinquish 
Time 
10 
50 
83 
ns 
-- 
t" 
BUSY Delay 
20 
65 
100 
ns 


After Data Valid 


t" 
RiC to CS 
10 
ns 


Setup TIme 


t" 
Time Between 
1250 
ns 


Conversions 


t'3 
Bus Access Time 
10 
30 
62 
ns 
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-1-10 


Acquire 


'=1 


Convert 


son 
V,N 
V,N 
son 


+SV 
V,N 
V,N 


AGND1 


P, ¥ 
AGND1 


Skrl 
+SV 
REF 


-fJV 
REF 
"! 


CAP 
Skrl 
CAP 


AGND2 
AGND2 


FIGURE 
4b. Circuit Diagram Without External Hardware 


Trim. 
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The ADS7819 can be trimmed in hardware or software. The 
offset should be trimmed 
before the gain since the offset 


directly affects the gain. 


Hardware 
Calibration 
To calibrate the offset and gain of the ADS7819, 
install the 


proper resistors and potentiometers 
as shown in Figure 4a. 


The calibration range is ± 12mV for bipolar zero and ±30m V 
for full scale. 


Potentiometer 
PI and resistor 
R I form the offset 
adjust 
circuit and P2 and R2 the gain adjust circuit. The exact values 
are not critical. R, and R2 should not be made any larger than 
the value shown. They can easily be made smaller to provide 
increased 
adjustment 
range. Reducing 
these below 
15% of 


the indicated 
values 
could 
begin 
to adversely 
affect 
the 
operation 
of the converter. 


P I and P2 can also be made larger to reduce power dissipa- 
tion. However, larger resistances will push the useful adjust- 
ment range to the edges of the potentiometer. 
PI should 
probably not exceed 20kn 
and P2 lOOk{}in order to main- 
tain reasonable 
sensitivity. 


Software 
Calibration 
To calibrate the offset and gain of the ADS7819, no external 
resistors 
are required. 
See the No Calibration 
section for 


details on the effects of the external resistor. 


No Calibration 
See Figure 4b for circuit connections. 
Note that the actual 


voltage dropped across the 50n resistor is nearly two orders 
of magnitude 
lower 
than the voltage 
dropped 
across the 
internal resistor divider network. This should be taken into 
consideration 
when choosing the accuracy and drift specifi- 


cations 
of the external 
resistors. 
In most applications, 
1% 


metal-film 
resistors will be sufficient. 


The external 50n 
resistor shown in Figure 4b may not be 


necessary 
in some applications. 
This resistor provides 
trim 
capability 
for the offset and compensates 
for a slight gain 
adjustment 
internal 
to the ADS7819. 
Not using the 50n 
resistor will cause a small gain error but will have no effect 
on the inherent offset error. Figure 5 shows typical transfer 
function characteristics 
with and without the 50n resistor in 
the circuit. 


The ADS78 19 can operate with its internal2.5V reference or an 
external reference. By applying an external reference to pin 3, 
the internal reference can be bypassed. The reference voltage at 
REF is buffered internally and output on CAP (pin 4). 


The internal 
reference 
has a 6 ppmfC 
drift (typical) 
and 
accounts 
for approximately 
20% 
of the full 
scale 
error 
(FSE = ±0.5% for low grade, ±O.25% for high grade.) 


REF (pin 3) is an input for an external 
reference 
or the 


output for the internal 
2.5V reference. 
A 0.1j.iF capacitor 
should be connected as close to the REF pin as possible. The 
capacitor and the output resistance of REF create a low pass 
filter to band limit noise on the reference. 
Using a smaller 
value capacitor 
will introduce 
more noise to the reference 


degrading the SNR and SINAD. The REF pin should not be 
used to drive external AC or DC loads. 


The range for the external 
reference 
is 2.3V to 2.7V and 


determines 
the actual LSB size. Increasing 
the reference 


voltage will increase the full scale range and the LSB size 
of the converter 
which can improve the SNR. 
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CAP 


CAP (pin 4) is the output of the internal reference buffer. A 
IO~ 
tantalum 
capacitor 
should be placed as close to the 
CAP as possible to provide optimum switching currents for 
the CDAC throughout 
the conversion 
cycle and compensa- 
tion for the output 
of the buffer. 
Using 
a capacitor 
any 
smaller than 1~ 
can cause the output buffer to oscillate and 
may not have sufficient 
charge for the CDAC. 
Capacitor 
values larger than IO~ 
will have little effect on improving 
performance. 
The voltage on the CAP pin is approximately 
2V when using the internal reference, 
or 80% of an exter- 
nally supplied reference. 


POWER 


The ADS7819 
uses the majority of its power for analog and 
static circuitry, 
and it should be considered 
as an analog 
component. 
For optimum 
performance, 
tie the analog and 
digital +5V power pins to the same +5V power supply and 
tie the analog and digital grounds together. 


For best performance, 
the ±5V supplies 
can be produced 
from whatever 
analog 
supply 
is used for the rest of the 
analog signal conditioning. 
If ±12V or ±15V supplies 
are 
present, simple regulators 
can be used. The +5V power for 
the AID should 
be separate 
from the +5V 
used for the 
system's 
digital logic. Connecting 
+V01G (pin 27) directly to 
a digital 
supply can reduce converter 
performance 
due to 
switching 
noise from the digital logic. 


Although 
it is not suggested, 
if the digital supply must be 
used to power the converter, 
be sure to properly 
filter the 
supply. Either using a filtered digital supply or a regulated 
analog supply, both VDlG and VANA should be tied to the 
same +5V source. 


GROUNDING 


Three ground pins are present on the ADS78 19. DGND (pin 22) 
is the digital supply ground. AGND2 (pin 5) is the analog 
supply ground. AGNDI (pin 2) is the ground which all analog 
signals internal to the AID are referenced. AGND I is more 
susceptible to current induced voltage drops and must have the 
path of least resistance back to the power supply. 


All the ground 
pins 
of the ADS 
should 
be tied to the 
analog ground 
plane, 
separated 
from the system's 
digital 
logic ground, to achieve optimum 
performance. 
Both ana- 
log and digital 
ground 
planes 
should be tied to the "sys- 
tem" 
ground 
as near to the power 
supplies 
as possible. 
This 
helps 
to prevent 
dynamic 
digital 
ground 
currents 
from modulating 
the analog 
ground 
through 
a common 
impedance 
to power ground. 


The FET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
FET switch on the ADS7819, compared to FET switches on 
other 
CMOS 
AID converters, 
releases 
50/0-10% 
of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. 
The end result is a minimal 
requirement 
for the op amp on the front end. Any op amp 
sufficient for the signal in an application 
will be sufficient to 
the drive the ADS78l9. 


The resistive 
front end of the ADS7819 
also provides 
aIII 
guaranteed ±25V over voltage protection. In most cases, this 
eliminates 
the need for external input protection 
circuitry. 


INTERMEDIATE 
LATCHES 


The ADS7819 
does have tri-state 
outputs 
for the parallel 
port, but intermediate 
latches should 
be used if the bus will 
be active during conversions. 
If the bus is not active during 
conversions, 
the tri-state outputs can be used to isolate the 
AID from other peripherals 
on the same bus. 


Intermediate 
latches are beneficial 
on any monolithic 
AID 
converter. The ADS7819 has an internal LSB size of 61O/-lV. 
Transients 
from fast switching 
signals on the parallel port, 
even when the AID is tri-stated, can be coupled through the 
substrate 
to the analog 
circuitry 
causing 
degradation 
of 
converter 
performance. 
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PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


12-Bit 10j..LsSampling 
CMOS 
ANALOG-ta-DIGITAL CONVERTER 


• 
100kHz min SAMPLING 
RATE 


• 
0 to +5V INPUT RANGE 


• 
72dB min SINAD WITH 45kHz INPUT 


• 
±1t2 LSB max INL AND DNL 


• 
SINGLE 
+5V SUPPLY 
OPERATION 


• 
PIN-COMPATIBLE 
WITH 16-BIT ADS7821 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
COMPLETE 
WITH StH, REF, CLOCK, 
ETC. 


• 
FULL PARALLEL 
DATA OUTPUT 


• 
100mW max POWER DISSIPATION 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


The ADS7820 
is a complete 
12-bit sampling 
AID 


using state-of-the-art 
CMOS structures. 
It contains 
a 
complete 
12-bit, capacitor-based 
SAR AID with StH, 


reference, clock, interface for microprocessor 
use, and 
three-state 
output drivers. 


The ADS7820 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature 
range. Laser- 


trimmed 
scaling 
resistors 
provide 
a 0 to +5V input 
range, with power dissipation 
under lOOmW. 


The 28-pin ADS7820 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C 
to +85°C range. 


-Ale 
-cs 
-BYTE 


BUSY 


Output 
Latches 
and 


Three 
State 
Drivers 


Three 
State 


Parallel 
Data 
Bus 
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SPECIFICATIONS 


ADS7820PIU 
ADS7820PBlUB 
0 


UNITS 
C\I 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
CIO 
RESOLUTION 
12 
Bits 
I'-en 
ANALOG 
INPUT 
C 
Vollage 
Ranges 
D to +5 
V 


Impedance 
10 
kn 
« 
Capacitance 
35 
pF 


THROUGHPUT 
SPEED 
Conversion 
Time 
5.7 
8 
lis 


Complete 
Cycle 
Acquire and Convert 
10 
liS 


Throughput 
Rate 
100 
kHz 


DC ACCURACY 
en 
Integral Linearity Error 
±0.9 
±0.45 
LSB'" 
I- 


Differential 
Linearity Error 
±0.9 
±0.45 
LSB 
Z 
No Missing Codes 
Guaranteed 
Bits 
W 
Transition 
Noisel2) 
0.1 
LSB 
Z 
Full Scale Errori3 ••, 
±0.5 
±0.25 
% 
0 
Full Scale Error Drift 
±7 
±5 
ppmr'C 
0. 
Full Scale Errori3.4l 
Ext. 2.5000V 
Ref 
±0.5 
±0.25 
% 


Full Scate Error Drift 
Ext. 2.5000V 
Ref 
±2 
ppm/"C 
:E 
Offset Error 
±10 
mV 
0 
Offset Error Drift 
±2 
ppmr'C 
0 
Power Supply Sensitivity 
+4.75V < Vo < +S.25V 
±0.5 
LSB 


(V"",: 
V-.= 
Vol 
Z 


AC ACCURACY 
0 
Spurious· Free Dynamic Range 
tw= 
45kHz 
80 
dB'" 
~ 
Total Harmonic 
Distortion 
tw = 45kHz 
-1l0 
dB 
en 
Signal·to·(Nois8+0istortion) 
tw= 
45kHz 
70 
72 
dB 
Signal-la-Noise 
tw = 45kHz 
70 
72 
dB 
:) 
Full-Power 
Bandwidth(6) 
250 
kHz 
0 
SAMPLING 
DYNAMICS 
0 
Aperture 
Delay 
40 
ns 
« 
Aperture Jitter 
Sufficient to meet AC specs 
~ 
Transient 
Response 
FS Step 
2 
liS 
Overvoltage 
Recovery(7) 
150 
ns 


REFERENCE 
ic( 


Internal Reference 
Voltage 
2.48 
2.5 
2.52 
V 
C 


Internal Reference 
Source Current 
1 
"A 
en 
(Must use external bUffer.) 
a: 
External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
W 
for Specified 
Linearity 
External Reference 
Current Drain 
Ext 
2.5000V Ref 
100 
J!A 
I- 


DIGITAL 
INPUTS 
a: 
W 
Logic Levels 
> 
V. 
-0.3 
+0.8 
V 
Z 
Vw 
+2.0 
Vo+0.3V 
V 
I. 
±10 
J!A 
0 
I~ 
±10 
J!A 
0 


DIGITAL 
OUTPUTS 
C 
Data Format 
Parallel 12 bits 
< 
Data Coding 
Straight Binary 


yO<. 
ISINK =' 1.6mA 
+0.4 
V 
Voo 
lsoURCE 
=' 500~ 
+4 
V 
Leakage Current 
High·Z Slate, 
±5 
"A 
Voor =' OV to Vo~ 


Output Capacitance 
High-Z State 
15 
pF 


DIGITAL 
TIMING 
Bus Access Time 
83 
ns 
Bus Relinquish 
Time 
83 
ns 


The information 
provided 
herein is beHeved to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 


assumes no responslblllty 
for Ine use of this InformaUon, ana all use of such Information shall be entirety at the user's own risk. Prices and specifications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR· BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


ADS7820PIU 
ADS7820PBlUB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLIES 
Specified 
Performance 


V"", 
Must be ~ VANA 
+4.75 
+5 
+5.25 
V 


V••• 
+4.75 
+5 
+5.25 
V 


+1"" 
0.3 
mA 


+1••• 
16 
mA 


Power Dissipation 
fs = 100kHz 
100 
mW 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
·C 
Derated Periormance 
-55 
+125 
·C 
Storage 
--j)5 
+150 
·C 
Thermal Resistance 
(8~ 


Plastic DIP 
75 
·CIW 
SOIC 
75 
·CIW 


NOTES: (1) LSB means Least Significant 
Bit. For the 12·bit, 0 to +5V input ADS7820, 
one LSB is 1.22mV. (2) Typical rms noise at worst case transitions 
and 
temperatures. 
(3) Adjustable to zero with external potentiometer 
as shown in Figure 4b. (4) Full scale error is the worst case at Full Scale untrimmed deviation from 
ideal last code transition divided by the transition voltage and includes the effect of offset error. (5) All specifications 
in dB are referred to a full-scale input. (6) Full- 
Power Bandwidth defined as Full-Scale input frequency at which Signal-to-(Naise 
+ Distortion) degrades to BOdS, or 10 bits of accuracy. 
(7) Recovers to specified 
performance 
after 2 x FS input ovelVoltage. 


Analog Inputs: V~ 
±20V 
REF 
+V••• +0.3V to AGND2 -<l.3V 
CAP 
. 
Indefinite Short to AGND2 


Momentary Short to V ANA 


Ground Voltage Differences: 
DGND, 
AGND1, AGND2 . . 
. 
±0.3V 
V... 
. 
7V 


Voo to V ANA 
•••• 
• ••••••••••••••• 
+O.3V 
VOIO 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
7V 
Digital Inputs . 
. 
-<l.3V 
to +Voo +O.3V 
Maximum Junction Temperature 
+165°C 


Internal Power Dissipation 
. 
. 
825mW 


Lead Temperature 
(soldering, 
10s) 
+3000C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


ADS7820P 
Plastic DIP 
246 
ADS7820PB 
Plastic DIP 
246 
ADS7820U 
SOIC 
217 
ADS7820UB 
SOIC 
217 


A 
ELECTROSTATIC 
J.J!I& DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 


Brown Corporation 
recommends 
that all integrated 
circuits 


be handled 
and stored 
using appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


MINIMUM 
SIGNAL·To- 


MAXIMUM 
(NOISE + 
SPECIFICATION 
LINEARITY 
DISTORTION) 
TEMPERATURE 


MODEL 
ERROR (LSB) 
RATIO (dB) 
RANGE 
PACKAGE 


ADS7820P 
±0.9 
70 
-40·C 
to +85·C 
Plastic DIP 


ADS7820PB 
±0.45 
72 
-40·C 
to +85·C 
Plastic DIP 


ADS7820U 
±0.9 
70 
-40·C 
to +85·C 
SOIC 
ADS7820UB 
±0.45 
72 
-40·C 
to +85·C 
SOIC 
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PIN CONFIGURATION 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


V,. 
28 
VOIG 
t, 
Convert Pulse Width 
40 
5000 
ns 


AGND1 
t, 
Data Valid Delay after RiG LOW 
8 
~s 


t, 
BUSY Delay from RIG LOW 
65 
ns 


t, 
BUSY LOW 
8 
~s 


t, 
BUSY Delay after 
220 
ns 


End of Conversion 


t, 
Aperture Delay 
40 
ns 


t, 
Conversion 
Time 
5.7 
8 
~s 


ADS7820 
t, 
Acquisition 
Time 
2 
~s 


t, 
Bus Relinquish 
TnTle 
10 
35 
83 
ns 


too 
BUSY Delay after Data Valid 
50 
200 
ns 


t" 
Previous 
Data Valid 
~ 


after RIG LOW 


t1+te 
Throughput 
Time 
7.5 
10 
~s 


t" 
RlC to CS Setup Time 
10 
ns 


t" 
Time 
Between 
Conversions 
10 
~s 


t" 
Bus Access Time 
10 
83 
ns 
DGND 
14 
15 
D3 
and BYTE Delay 


TABLE I. Conversion 
Timing. 


PIN ASSIGNMENTS 


PIN. 
NAME 
DESCRIPTION 
- - 


1 
V~ 
Analog 
Input. Full-scale 
input range 
is 0 to +5V. 


2 
AGND1 
Analog Ground. 
Used internally 
as ground reference 
point. 


3 
REF 
Reference 
InpuVOutput. 
Outputs 
internal 
reference 
of +2.5V 
nominal. 
Can also be driven by external 
system 
reference. 
In both 
cases, 
connect 
to ground with a 2.2~F Tantalum 
capacitor. 


4 
CAP 
Reference 
Buffer Capacitor. 
2.2~F Tantalum 
to ground. 


5 
AGND2 
Analog 
Ground. 


6 
D11 (MSB) 
- 
- 
Data Bit 11. Most Significant 
Bit (MSB) 
of conversion 
results. 
Hi·Z state when CS is HIGH, 
or when 
RlC is LOW. 


7 
D10 
Data Bit 10. Hi-Z state when CS is HIGH, or when RIG is LOW. 
e 
D9 
Data Bit 9. Hi-Z state when CS is HIGH, or when RIG is LOW. 


9 
D8 
Data Bit 8. Hi-Z state when CS is HIGH, or when RIG is LOW. 


10 
D7 
Data Bit 7. Hi-Z state when CS is HIGH, or when RIG is LOW. 


11 
D6 
Data Bit 6. Hi-Z state when CS is HIGH, or when RIG is LOW. 


12 
D5 
Data Bit 5. Hi-Z state when CS is HIGH, or when RIG is LOW. 


13 
D4 
Data Bit 4. Hi-Z state when CS is HIGH, or when RIG is LOW. 


14 
DGND 
Digital Ground. 


15 
D3 
Data Bit 3. Hi·Z state when CS is HIGH, 
or when 
RlC is LOW. 


16 
D2 
Data Bit 2. Hi-Z state when CS is HIGH, or when RIG is LOW. 


17 
D1 
Data Bit 1. Hi-Z state when CS is HIGH, or when RIG is LOW. 


18 
DO (LSB) 
Data Bit O. Lease Significant 
Bit (LSB) of conversion 
results. Hi-Z state when CS is HIGH, or when RIG is LOW. 


19 
DZ 
Data Zero. LOW when CS LOW and RIG HIGH. Hi-Z state when CS is HIGH, or when RIG is LOW. 


20 
DZ 
Data Zero. LOW when CS LOW and RIG HIGH. Hi-Z state when CS is HIGH, or when RIG is LOW. 


21 
DZ 
Data Zero. LOW when CS LOW and RIG HIGH. Hi-Z state when CS is HiGH, or when RIG is LOW. 


22 
DZ 
Data Zero. LOW when CS LOW and RIG HIGH. Hi-Z state when CS is HIGH, or when RIG is LOW. 


23 
BYTE 
Byte Select. With BYTE LOW, data will be output as indicated above, causing pin 6 (Dl1) 
to output the MSB, and pin 18 (DO) to 
output the LSB. Pins 19 to 22 will output LOWs. With BYTE HIGH, the top and bottom 8 bits of data will be switched, 
so that pin 6 
outputs data bit 3, pin 9 outputs data bit 0 (LSB), pin 10 to 13 output LOWs, pin 15 outputs data bit 11 (MSB) and pin 22 outputs 
data bit 4. 


24 
RIG 
Read/Convert 
input. With CS LOW, 
a falling edge on RlC puts the internal samplelhold 
into the hold state and starts a conversion. 


With CS LOW, a rising edge on RIG enabies the output data bits. 


25 
CS 
Chi~elect. 
Internally OR'd with RIG. With RIG LOW, a falling edge on CS will initiate a conversion. 
With RIG HIGH, a falling edge 
on CS will enable 
the output data bits. 


26 
BUSY 
Busy Output. 
Falls w~ 
a conversio~is started, 
and remains 
LOW 
until the conversion 
is completed 
and the data is latched 
into the 
output register. Wrth CS LOW and RlC HIGH, output data will be valid when BUSY rises, so that the rising edge can be used to 
latch the data. 
CS or RlC must be high when 
BUSY 
rises, or another 
conversion 
wilf start, without time for signal acquisition. 


27 
V"", 
Analog Supply Input. Nominally +5V. Connect directly to pin 28. Decouple to ground with O.I~F ceramic and 10~F Tantalum 
capacitors. 


28 
V"", 
Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be s V"",. 
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-- - .... -- 
_...~...•.•.....••. - 
•••• 
'" 
•••••••• 101'~ 


Full Scale Range 
010 +5V 


Least Significant 
1.22mV 
Bil (LSB) 


Full Scale 
4.99878V 
111111111111 
FFF 


Midscale 
2.5V 
1000 0000 0000 
800 


One LSB below 
2.49878V 
0111 1111 1111 
7FF 


Midscale 


Zero Scale 
OV 
0000 0000 0000 
a 


f'J ,_ 
1 


3 


- \---1 


4 


LJ 
\~-- 


-11-' 


- 
-Ie 
, 


MODE ~=_ -:=_ -:=_ -:=_c=_o=~=:e_=rt~_-:=_ -=-=_-=-=_X~ 
~_A_cq_U_ire 
_ 
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RlC 


~ 
cs 


I 


BYTE 


Pins6-13 
Hi-Z 


Pins 15 - 22 
Hi-Z 
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PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


16-Bit 10J.!sSampling 
CMOS 
ANALOG-to-DIGITAL CONVERTER 


• 
100kHz min SAMPLING 
RATE 


• 
0 to +SV INPUT RANGE 


• 
86dB min SINAD WITH 20kHz INPUT 


• 
DNL: 16-bits 
"No Missing 
Codes" 


• 
SINGLE 
+SV SUPPLY 
OPERATION 


• 
PIN-COMPATIBLE 
WITH 12-BIT ADS7820 


• 
USES INTERNAL 
OR EXTERNAL 
REFERENCE 


• 
FULL PARALLEL 
DATA OUTPUT 


• 
100mW 
max POWER DISSIPATION 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


The ADS7821 
is a complete 
16-bit sampling 
AID 


using state-of-the-art 
CMOS structures. 
It contains 
a 
complete 
l6-bit, capacitor-based, 
SAR AID with StH, 
reference, clock, interface for microprocessor 
use, and 
three-state 
output drivers. 


The ADS7821 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature 
range. Laser- 


trimmed 
scaling 
resistors 
provide 
a 0 to +5V input 


range, with power dissipation 
under l00mW. 


The 28-pin ADS782 I is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the -25°C 
to +8SOC range. 


-RiC 
-cs 
-BYTE 


BUSY 


Output 
Latches 
and 
Three 
State 
Drivers 


Three 
State 
Parallel 
Data 
Bus 
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SPECIFICATIONS 


ADS7821P, 
U 
ADS7821 PB, UB 
,.. 


UNITS 
C\I 
PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
co 
RESOLUTION 
16 
Bijs 
•••••• 


ANALOG 
INPUT 
en 


Voltage Ranges 
o to +5 
V 
C 


Impedance 
10 
kn 
« 


Capacitance 
35 
pF 


THROUGHPUT 
SPEED 
Conversion 
Time 
7.6 
8 
~s 


Complete 
Cycle 
Acquire and Convert 
10 
~s 


Throughput 
Rate 
100 
kHz 


DC ACCURACY 
en 


Integral Linearity Error 
±4 
±3 
LSBll) 
I- 


No Missing Codes 
15 
16 
Bijs 
Z 
Transition 
Noise(2) 
0.9 
LSB 
W 
Full scale 
Erro~3.·1 
±0.5 
±0.25 
% 
Z 
Full scale 
Error Drift 
±7 
±5 
ppml"C 
0 
Full Scale 
Error<3.4) 
Ext. 2.5000V 
Ref 
±0.5 
±0.25 
% 
D. 
Full Scale Error Drift 
Ext. 2.5000V 
Ref 
±2 
ppmJ'C 


Offset Error 
±10 
mV 
:!E 
Offset Error Drift 
±2 
ppmf'C 
0 
Power Supply Sensitivity 
+4.75V < Va < +5.25V 
±8 
LSB 
0 
(V010 = VANA= 
Va) 
Z 
AC ACCURACY 
Spurious-Free 
Dynamic 
Range 
20kHz 
90 
96 
dBIS) 
0 
Total Harmonic 
Distortion 
20kHz 
-90 
-96 
dB 
~ 
Signal-to-(Nois8+0islortion) 
20kHz 
83 
86 
dB 
en 
--<iOdB Input 
28 
30 
dB 
Signal-ta-Noise 
20kHz 
83 
86 
dB 
:) 
Full-Power 
Bandwidthl') 
250 
kHz 
0 
SAMPLING 
DYNAMICS 
0 
Aperture 
Delay 
40 
ns 
« 
Aperture Jitter 
Sufficient to meet AC specs 
~ 
Transient 
Response 
FS Step 
2 
~ 


Overvoltage 
Recovery{7J 
150 
ns 


REFERENCE 


.. 
C( 


Internal Reference 
Voltage 
2.48 
2.5 
2.52 
V 
C 


Internal Reference 
Source Current 
1 
~ 
en 
(Must use external buffer) 
a: 
Internal Reference 
Drift 
8 
ppmJ'C 


External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
W 


for Specified 
Linearity 
•••• 


External Reference 
Current Drain 
Ext. 2.5000V Ref 
100 
~A 
a: 


DIGITAL 
INPUTS 
W 


Logic Levels 
> 


Vil 
--<J.3 
+0.8 
V 
Z 


V,H 
+2.0 
Vo+0.3V 
V 
0 


I'L 
±10 
~ 
0 
I'H 
±10 
~ 
C 
DIGITAL 
OUTPUTS 
< 
Data Format 
Parallel 16 bits 
Data Coding 
Sfraight Binary 
I,i' 


VOL 
ISINK = 1.6mA 
+0.4 
V 
VOH 
ISOURCE: 500~ 
+4 
V 


Leakage Current 
High-Z Sfafe, 
±5 
~ 
VOUT = OV to VDlG 


Output Capacitance 
High-Z Sfate 
15 
pF 


DIGITAL 
TIMING 
Bus Access TIme 
83 
ns 


Bus Relinquish 
TIme 
83 
ns 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 


assumos no responsibility 
for lhe use of this Informallon, and all use of such Information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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ADS7821P, 
U 
ADS7821 PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLIES 
Specified 
Performance 


VOIG 
Must 
be $ V ANA 
+4.75 
+5 
+5.25 
V 


VAN' 
+4.75 
+5 
+5.25 
V 
ID1G 
0.3 
mA 


I",.. 
16 
mA 
Power Dissipation 
Is = 100kHz 
100 
mW 


TEMPERATURE 
RANGE 
Specified 
Pertormance 
-25 
+85 
"C 
Derated Performance 
-55 
+125 
"C 
Storage 
-65 
+150 
"C 


Thermal Resistance 
(8J,) 
Plastic DIP 
75 
"CIW 
SOIC 
75 
"CIW 


NOTES: 
(1) LSB means Least Significant 
Bit. For the 16-bit, 0 to +5V input ADS721, 
one LSB Is 76~V. (2) Typical 
rms noise at worst case transitions 
and 


temperatures. 
(3) Adjustable to zero with external potentiometer 
as shown in Figure 63. (4) Full scale error is the worst case of Full SCale untrimmed deviation from 
ideal last code transition divided by the transition voltage and includes the effect of offset error. (5) All specifications 
in dB are referred to a full-scale input. (6) Full- 
Power Bandwidth defined as Full-Scale input frequency at which SignaHo-(Noise 
+ Distortion) degrades to SOdS, or 10 bits of accuracy. (7) Recovers to specified 
performance 
after 2 x FS input Qvervoltage. 


Analog Inputs: V1N 


REF 
CAP 


............................................................... 
±20V 


..... +VAN' +0.3V to AGND2 ~.3V 
............ Indefinite Short to AGND2, 


Momentary Short to VANA 
Ground Vo~age Differences: 
DGND, 
AGND1, AGND2 
±0.3V 
V",.. 
. 
. 
7V 


VOIG to V",.. 
. 
+0.3V 
V01G 
•••••••.••••.••••••.•••••••••••••••••••••••••••.••.••••••••••..•••••••••••••••••••••••••••••• 
7V 
Digital Inputs 
-o.3V 
to +V01G +O.3V 


Maximum Junction Temperature 
+165°C 
Internal Power Dissipation 
.. 
. 
825mW 
Lead Temperature 
(soldering, 
10s).. 
. 
+300"C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


ADS7821P 
Plastic DIP 
246 
ADS7821PB 
Plastic DIP 
246 
ADS7821U 
SOIC 
217 
ADS7821UB 
SOIC 
217 


A 
ELECTROSTATIC 
J.lJtia. DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 
Brown Corporation 
recommends 
that all integrated 
circuits 


be handled 
and stored 
using appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision 
integrated circuits 


may be more 
susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


MINIMUM 


SIGNAL·To- 


MAXIMUM 
(NOISE + 
SPECIFICATION 
LINEARITY 
DISTORTION) 
TEMPERATURE 
MODEL 
ERROR (LSB) 
RATIO (dB) 
RANGE 
PACKAGE 


ADS7821P 
±4 
83 
-25"C 
to +85"C 
Plastic DIP 
ADS7821PB 
±3 
86 
-25"C 
to +85"C 
Plastic DIP 
ADS7821U 
±4 
83 
-25"C 
to +85"C 
SOIC 
ADS7821UB 
±3 
86 
-25"C 
to +85"C 
SOIC 
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1 
V,N 


2 
AGND1 


3 
REF 


4 
CAP 


5 
AGND2 


6 
015 (MSB) 
0 


7 
014 
0 


8 
013 
0 


9 
012 
0 


10 
011 
0 


11 
010 
0 


12 
09 
0 


13 
08 
0 


14 
DGND 


15 
07 
0 


16 
06 
0 


17 
05 
0 


18 
04 
0 


19 
03 
0 


20 
02 
0 


21 
01 
0 


22 
DO (LSB) 
0 


23 
BYTE 
I 


24 
RlC 
I 


25 
CS 
I 


26 
BUSY 
0 


27 
VAN' 


28 
VOIG 


Analog Input. 


Analog 
Ground. 
Used 
internally 
as ground 
reference 
point. 


Reference 
Input/Output. 
2.2J.1F tantalum 
capacitor 
to ground. 


Reference 
Buffer Capacitor. 
2.2j.1F tantalum 
capacitor 
to ground. 


Analog 
Ground. 


Data Bit 15. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when RiG is LOW. 


Data Bit 14. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 13. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 12. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 11. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 10. HI-Z stale when CS is HIGH, or when RIG is LOW. 


Data Bit 9. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 8. Hi-Z state when CS is HIGH, or when RlC is lOW. 


Digital Ground. 


Data Bit 7. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Dala Bit 6. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Dala Bit 5. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 4. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 3. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 2. Hi-Z state when CS is HIGH, or when RIG is LOW. 


Data Bit 1. Hi-Z state when CS is HIGH, or when Ale is LOW. 


Data 
Bit O. Lease 
Significant 
Bit (LSB) 
of conversion 
results. Hi~Zstate when CS is HIGH, 
or when RlC is LOW. 


Swaps Pins 6 through 
13 with Pins 15 through 22 when HIGH. See Figures 2 and 5. 


With CS LOW and BUSY HIGH, a Falling Edge on RIG Initiates a New Conversion. 
With CS LOW, a rising edge on RlC 
enables 
the parallel 
output. 


Internally 
OR'd 
with RlC. If Rie 
LOW, 
a falling edge 
on CS initiates a new conversion. 


At the start of a conversion, 
BUSY 
goes 
LOW 
and stays LOW 
until the conversion 
is completed 
and the digital outputs 


have been updated. 


Analog 
Supply 
Input. Nominally 
+SV. 
Decouple 
to ground with O.1JiF 
ceramic 
and 10JiF 
tantalum 
capacitors. 


Dig~al Supply Input. Nominally +5V. Connect directly to pin 27. Must be $ VAN'. 


TABLE I. Pin Assignments. 


PIN CONFIGURATION 


V,N 
28 
V01G 


AGND1 
VANA 


BUSY 


CAP 
CS 


RIG 


015 (MSB) 
BYTE 


ADS7821 
DO (LSB) 


013 
01 


012 
02 


011 
03 


010 
04 


09 
05 


08 
06 


DGND 
14 
15 
07 
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BASIC OPERATION 


Convert Pulse 


015 (MSB) 
LJ 


014 
00 (LSB) 
1-1 
40n5 min 
ADS7821 
6IJs max 
013 
01 


012 
02 


011 
03 


010 
04 


09 
05 


08 
06 


07 


Figure I shows a basic circuit to operate the ADS7821 
with 
a full parallel data output. Taking Ric (pin 24) LOW for a 
minimum 
of 40ns 
(51lS max) 
will 
initiate 
a conversion. 


BUSY 
(pin 26) will go LOW 
and stay LOW 
until 
the 
conversion 
is completed 
and the output 
registers 
are up- 
dated. Data will be output in Straight Binary with the MSB 
on pin 6. BUSY going HIGH can be used to latch the data. 
All convert 
commands 
will be ignored 
while 
BUSY 
is 
LOW. 


The ADS7821 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
lOllS between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The combination 
of CS (pin 25) and R/C (pin 24) LOW for 
a minimum of 40ns immediately 
puts the sample/hold 
of the 
ADS7821 in the hold state and starts conversion 
'n'. BUSY 
(pin 26) will go LOW and stay LOW until conversion 
'n' is 
completed 
and the internal output register has been updated. 
All new convert 
commands 
during 
BUSY 
LOW will be 
ignored. CS and/or R/C must go HIGH before BUSY goes 
HIGH or a new conversion 
will be initiated without suffi- 


cient time to acquire a new signal. 


The ADS7821 will begin tracking the input signal at the end 
of the conversion. 
Allowing 
lOllS between 
convert 
com- 
mands assures accurate acquisition of a new signal. Refer to 
Table II for a summary 
of CS, R/C, and BUSY states and 
Figures 3 through 5 for timing diagrams. 


CS and R/C are internally 
OR'd and level triggered. 
There 
is not a requirement 
which 
input goes LOW 
first when 
initiating a conversion. 
If, however, 
it is critical that CS or 
R/C initiates conversion 
'n', be sure the less critical input is 
LOW at least IOns prior to the initiating 
input. 


To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. However, 
the output will become active whenever 
R/C goes HIGH. 
Refer to the Reading 
Data 
section. 


CS 
RlC 
BUSY 
OPERATION 


1 
X 
X 
None. Databus is in Hi-Z state. 
~ 
0 
1 
Initiates conversion 
"n". Databus remains 
in Hi-Z state. 


0 
~ 
1 
Initiates conversion 
"n". Oatabus enters Hi-Z 
state. 


0 
1 
i 
Conversion 
"n" completed. 
Valid data from 
conversion 
"n" on the databus. 


! 
1 
1 
Enables databus with valid data from 
conversion 
"n". 
! 
1 
0 
Enables databus with valid data from 
conversion 
·n-l"(I). Conversion 
n in progress. 


0 
i 
0 
Enables databus with valHj data from 
conversion 
""-1"(1). 
Conversion 
"n" in progress. 


0 
0 
i 
New conversion 
initiated without acquisition 
of.! 
new signal. Data will be invalid. CS and/or 
RlC must be HIGH when BUSY goes HIGH. 


X 
X 
0 
New convert commands 
ignored. Conversion 


wn" in progress. 


NOTE: 
(1) See 
Figures 
3 and 
4 for 
constraints 
on data 
valid 
from 
conversion 
-n-1-. 
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The AOS7821 
outputs full or byte-reading 
parallel data in 
Straight Binary data output format. The parallel output will 
be active when R/C (pin 24) is HIGH and CS (pin 25) is 
LOW. Any other combination 
of CS and R/e 
will tn-state 
the parallel output. Valid conversion 
data can be read in a 
full parallel, l6-bit word or two 8-bit bytes on pins 6-13 and 
pins 15-22. BYTE (pin 23) can be toggled to read both bytes 
within one conversion 
cycle. Refer to Table III for ideal 
output codes and Figure 2 for bit locations 
relative to the 
state of BYTE. 


DIGITAL OUTPUT 
STRAIGHT 
BINARY 


DESCRIPTION 
ANALOG 
INPUT 
BINARY CODE 
HEX CODE 


Full Scale Range 
o to +5V 


Least 
Significant 
76~V 
Bit (LSB) 


Full Scale 
4.999924V 
1111111111111111 
FFFF 


Midscale 
2.5V 
1000 0000 0000 0000 
8000 


One LSB below 
2.499924V 
0111 1111 1111 1111 
7FFF 
Midscale 


Zero SCale 
OV 
0000 0000 0000 0000 
0000 


PARALLEL 
OUTPUT 
(After a Conversion) 


After conversion 
'n' is completed 
and the output registers 


have been updated, BUSY (pin 26) will go HIGH. Valid data 
from conversion 
'n' will be available on 015-00 
(pin 6-13 


and 15-22). BUSY going HIGH can be used to latch the 
data. Refer to Table 
IV and Figures 
3 and 5 for timing 
specifications. 


PARALLEL 
OUTPUT 
(During 
a Conversion) 


After 
conversion 
'n' 
has been 
initiated, 
valid 
data from 
conversion 
'n-l' 
can be read and will be valid up to 51JSafter 
the start of conversion 
'n'. 00 not attempt to read data from 
51JSafter the start of conversion 
'n' 
until BUSY 
(pin 26) 
goes HIGH; this may result in reading invalid data. Refer to 
Table IV and Figures 3 and 5 for timing specifications. 


Note! For the best possible performance, 
data should not be 
read during a conversion. 
The switching 
noise of the asyn- 
chronous data transfer can cause digital feedthrough 
degrad- 
ing the converter's 
performance. 
~ 


The number 
of control 
lines can be reduced 
by tying CS ••• 
LOW while using R/C to initiate conversions 
and activate 
the output mode of the converter. 
See Figure 3. 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


t, 
Convert Pulse Width 
40 
5000 
ns 


t2 
Data Valid Delay 
8 
~s 
after Start of Conversion 


t, 
BUSY Delay 
65 
ns 


from Start of Conversion 


t, 
BUSY LOW 
8 
~s 


t5 
BUSY Delay after 
220 
ns 
End of Conversion 


Ie 
Aperture Delay 
40 
ns 


t, 
Conversion 
Time 
7.6 
8 
~s 


t. 
Acquisition 
Time 
2 
~s 


ta 
Bus Relinquish 
Time 
10 
35 
83 
ns 


I" 
BUSY Delay after Data Valid 
50 
200 
ns 


t" 
Previous 
Data Valid 
5 
~s 
after Start of Conversion 


t,+ 
Ie 
Throughput 
Time 
9 
10 
~s 


t'2 
RiC to CS Setup Time 
10 
ns 


t" 
Time Between 
Conversions 
10 
~s 


t" 
Bus Access 
Time 
10 
83 
ns 
and BYTE Delay 
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the necessary circuit connections 
for the ADS7821 with and 


without 
hardware 
gain trim. Offset and full scale error<l) 
specifications 
are tested 
and guaranteed 
with the circuit 
shown in Figure 
6b. Adjustments 
for offset and gain are 
described in the Hardware 
Calibration 
section of this data 
sheet. 


The nominal 
input impedance 
of 
lOill 
results 
from the 
internal 
resistor 
network 
shown on the front page of the 


product data sheet. The input resistor divider network provides 
inherent overvoltage protection guaranteed to at lease ±20V. 


To calibrate 
the gain of the ADS7821. 
install the proper 


resistor and potentiometer as shown in Figure 6a. The calibra- 
tion range is ±6OrnV. 


There is no inherent offset calibration method provided by the 
ADS7821. 
The offset adjustment 
can be accomplished 
by 
summing 
in a small 
offset 
to the circuitry 
prior 
to the 


ADS782 I. 


The offset should be trimmed before the gain since the offset 
directly affects the gain. To achieve optimum performance. 
several iterations may be required. 


The ADS7821 can operate with its internal2.5V 
reference or 


an external reference. 
By applying an external reference 
to 


pin 3. the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output on CAP 
(pin 4). 


With Hardware 
Gain Trim 


REF (pin 3) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2).IFcapacitor should be 
connected as close to the REF pin as possible. The capacitor 
and the output resistance 
of REF create a low pass ftlter to 


bandlimit 
noise 
on the reference. 
Using 
a smaller 
value 


capacitor will introduce more noise to the reference degrad- __ 
ing the SNR and SINAD. The REF pin should not be used 
to directly drive external loads. 


The range for the external 
reference 
is 2.3V to 2.7V and 


determines 
the actual LSB size. Increasing 
the reference 
voltage will increase the full scale range and the LSB size of 
the converter 
which can improve the SNR. 


CAP 


CAP (pin 4) is the output of the internal reference buffer. A 
2.2).IF capacitor should be placed as close to the CAP pin as 
possible 
to provide 
optimum 
switching 
currents 
for the 


CDAC throughout 
the conversion 
cycle and compensation 


for the output of the internal buffer. Using a capacitor 
any 
smaller than 1).IFcan cause the output buffer to oscillate and 
may not have sufficient 
charge for the CDAC. 
Capacitor 
values larger than 2.2).IF will have little affect on improving 
performance. 


The output of the buffer is capable of driving up to 2mA of 
current to a static load. Static loads requiring more than 2mA 
of current 
from the CAP pin will begin 
to degrade 
the 


linearity 
of the ADS7821. 
Use of an external 
buffer 
is 


recommended 
for loads requiring 
more than 2mA. Do not 
attempt to directly drive any dynamic 
load with the output 
voltage on CAP. This will cause performance 
degradation 
of 


the converter. 


Without 
Hardware 
Gain Trim 
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SIGNAL 
CONDITIONING 


The PET switches used for the sample hold on many CMOS 
A/D converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
PET switch on the ADS782 I, compared to the PET switches 
on other CMOS 
A(D converters, 
releases 
5%-10% 
of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. Any op amp sufficient for the 
signal in an application 
should be sufficient 
to drive the 
ADS7821. 


For optimum performance, 
tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the ADS7821 
uses 90% of its power for the analog 


circuitry. The ADS7821 
should be considered 
as an analog 


component. 


The +5V power for the A/D should be separate from the +5V 
used for the system's 
digital logic. Connecting 
VDIG (pin 28) 
directly to a digital supply can reduce converter performance 
due to switching 
noise 
from the digital 
logic. 
For best 
performance, 
the +5V supply can be produced 
from what- 


ever analog supply is used for the rest of the analog signal 
conditioning. 
If +12Vor+15V 
supplies are present, a simple 
+5V regulator can be used. Although 
it is not suggested, 
if 
the digital supply must be used to power the converter, 
be 


sure to properly 
filter the supply. 
Either 
using a filtered 
digital supply or a regulated 
analog supply, both VDIG and 
VANA should be tied to the same +5V source. 


GROUNDING 


Three ground pins are present on the ADS7821. 
DGND is 


the digital 
supply 
ground. 
AGND2 
is the analog 
supply 


ground. 
AGNOI 
is the ground 
which 
all analog 
signals 


internal to the A(D are referenced. 
AGNOI 
is more suscep- 
tible to current induced voltage drops and must have the path 
of least resistance 
back to the power supply. 


All the ground pins of the A/D should be tied to the analog 
ground 
plane, 
separated 
from 
the system's 
digital 
logic 
ground, to achieve optimum performance. 
Both analog and 
digital ground planes should be tied to the "system" 
ground 
as near to the power 
supplies 
as possible. 
This helps to 
prevent 
dynamic 
digital ground 
currents 
from modulating 
the analog ground through a common 
impedance 
to power 
ground. 


The resistive 
front end of the ADS7821 
also provides 
a 
guaranteed ±20V overvoltage 
protection. 
In most cases, this 


eliminates 
the need for external input protection 
circuitry. 


INTERMEDIATE 
LATCHES 


The ADS7821 
does have tri-state 
outputs 
for the parallel 
port, but intermediate 
latches should be used if the bus will 
be active during conversions. 
If the bus is not active during 
conversion, 
the tri-state 
outputs can be used to isolate the 
A(D from 
other 
peripherals 
on the 
same 
bus. 
Tri-state 
outputs can also be used when the A(D is the only peripheral 
on the data bus. 


Intermediate 
latches are beneficial 
on any monolithic 
A(D 
converter. The ADS7821 
has an internal LSB size of 38l!V. 
Transients 
from fast switching 
signals on the parallel port, 


even when the A(D is tri-stated, can be coupled through the 
substrate 
to the analog 
circuitry 
causing 
degradation 
of 
converter performance. 
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PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


4 Channel, 12-Bit Sampling CMOS AID Converter 


• 25~ 
max SAMPLING 
AND CONVERSION 


• 
SINGLE +5V SUPPLY OPERATION 


• 
PIN-COMPATIBLE 
WITH 16-BIT ADS7825 


• 
PARALLEL 
AND SERIAL DATA OUTPUT 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


• 
±O.5 LSB max INL AND DNL 


• 
50mW max POWER DISSIPATION 


• 
50~W POWER DOWN MODE 


• 
±10V INPUT RANGE, FOUR CHANNEL 
MULTIPLEXER 


• 
CONTINUOUS 
CONVERSION 
MODE 


The ADS7824 
can acquire 
and convert 
12 bits to 
within ±O.S LSB in 2S~s max while consuming 
only 
SOmW max. Laser-trimmed 
scaling resistors 
provide 
the standard industrial ±IOV input range and channel- 
to-channel 
matching 
of ±O.I %. The ADS7824 
is a 


low-power 
12-bit sampling 
AID with a four channel 
input 
multiplexer. 
S/H, 
clock, 
reference, 
and 
a 
parallel/serial 
microprocessor 
interface. It can be con- 
figured in a continuous 
conversion 
mode to sequen- 
tially digitize all four channels. The 28-pin ADS7824 
is available in a plastic 0.3" DIP and in a SOIC, both 
fully specified for operation over the industrial-40°C 
to +8SoC range. 


Continuous 
Conversion 


40kn 
AINo 


20kn 


40kn 
AIN, 


20kn 


40kn 
AIN2 


20kn 
8kn 


40kn 


AIN, 


20kn 


CAP 


REF 


AlG 
CS 
BYTE 


Power Down 


BUSY 


Parallel 


or 
Serial Clock 


Serial 


Data 
Serial Data 


Out 
Parallel Data 
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ADS7824P, 
U 
ADS7824PB, 
UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bits 


ANALOG 
INPUT 
Vonage Range 
±10V 
V 
Impedance 
Channel 
On or Off 
45.7 
kQ 


Capacitance 
35 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
20 
!1S 


Acquisition 
TIme 
5 
~s 


Multiplexer 
Settling Time 
Includes 
Acquisition 
5 
~s 
Complete 
Cycle (Acquire and Convert) 
25 
~s 
Complete 
Cycle 
(Acquire 
and Convert) 
CONTC. 
+5V 
50 
~s 
Throughput 
Rate 
40 
kHz 


DC ACCURACY 
Integral 
Linearity 
Error 
±0.15 
±1 
±0.5 
LSB(l) 


Differential 
Linearity 
Error 
±0.15 
±1 
±0.5 
LSB 
No Missing 
Codes 
Guaranteed 


Transition 
Noise(2) 
0.1 
LSB 
Full Scale 
Error<3,-4) 
Internal 
Reference 
±0.5 
±0.25 
% 


Full Scale 
Error Drift 
Internal 
Reference 
±7 
±5 
ppmf'C 
Full Scale 
Errort3, .• ) 
±0.5 
±0.25 
% 


Full Scale 
Error Drift 
±2 
ppmf'C 


Bipolar Zero 
Error(3) 
±10 
mV 


Bipolar Zero 
Error Drift 
±2 
ppm/"C 


Channel-ta-Channel 
Mismatch 
0.1 
% 


Power 
Supply 
Sensitivity 
+4.75 < Vs < +5.25 
±0.5 
LSB 


AC ACCURACY 
Spurious-Free 
Dynamic 
Range(5) 
fiN"" 
1kHz 
80 
90 
. 
dB 
Total 
Harmonic 
Distortion 
fIN = 1kHz 
-90 
-80 
dB 


Signal-to-(Nois8+0istortion) 
fiN = 1kHz 
70 
73 
72 
dB 
Signal-ta-Noise 
fiN = 1kHz 
70 
73 
72 
dB 


Channel 
Separation(6) 
fiN = 1kHz 
100 
120 
dB 


-3dB 
Bandwidth 
TBD 
MHz 


Useable BandwidtWI 
TBD 
kHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
40 
ns 


Transient 
Response(8) 
FS Step 
5 
~s 
Overvoltage 
Recovery(9) 
150 
ns 


REFERENCE 
Internal 
Reference 
Voltage 
2.48 
2.5 
2.52 
V 
Internal 
Reference 
Source 
Current 
1 
~ 
(Must use external buffer) 


External 
Reference 
Voltage 
Range 
2.3 
2.5 
2.7 
V 


for Specified 
Linearity 
External 
Reference 
Current 
Drain 
VREF 
= +2.5V 
100 
~ 


DIGITAL 
INPUTS 


Logic Levels 


V,l 
-{).3 
+0.8 
V 
V,H 
+2.4 
Vo +0.3V 
V 
)'" 
±10 
~ 


I'H 
±10 
~ 


DIGITAL 
OUTPUTS 


Data 
Format 
Parallel 
in two bytes; Serial 
Data Coding 
Binary Two's 
Complement 
VOl 
IS1NK = 1.6mA 


I 
I 


+0.4 
V 
VOH 
ISOURCE 
• 
500~ 
+4 
V 


Leakage 
Current 
High-Z State, VOUT 
• 
OV to Vs 
±5 
~ 


Output 
Capacitance 
Hlgh-Z State 
15 
15 
pF 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 


assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change 
without 
notice. 
No patent 
rights or licenses 
to any of the circuits described 
herein 
are implied or granted 
to any third party. BURR-BROWN 
does 
not 
authorize 
or warrant 
any BURR·BROWN 
product for use in life support 
devices 
and/or 
systems. 
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ADS7824P, 
U 
ADS7824PB, 
UB 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
TIMING 


Bus Access 
Time 
PAAlSER = +5V 
83 
ns 
Bus Relinquish 
Time 
PAAlSER = +5V 
83 
ns 
Dala Clock 
PAAlSER = OV 


Internal Clock (Output only when 
EXTIINT LOW 
0.5 
1.5 
MHz 
transmitting 
data) 


External Clock (Can run continually) 
EXTIINT HIGH 
0.1 
10 
MHz 


POWER SUPPLIES 


VS1 
:: VS2 = Vs 
+4.75 
+5 
+5.25 
V 


Power Dissipation 
Is = 40kHz 
50 
mW 


PWRD HIGH 
50 
~W 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
·C 
Storage 
-<>5 
+150 
·C 


Thermal 
Resistance 
(8JA) 
Plastic DIP 
75 
·CIW 
SOIC 
75 
·CIW 


NOTES: 
(1) LSB means Least Signilicant 
Bit. For the 12-bit, ±10V input ADS7824, 
one LSB is 4.88mV. 
(2) Typical 
rms noise at worst case transitions 
and 
temperatures, 
(3) Adjustable to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed deviation from ideal 
first and last code transitions, 
divided by the transition voltage (not divided by the full·scale 
range) and includes the effect of offset error. (5) All specifications 
in 
dB are referred to a full-scale ±10V input. (6) A full scale sinewave 
input on one channel will be attenuated 
by this amount on the other channels. 
(7) Useable 
Bandwidth 
defined as Full-scale 
input frequency at which Signal-to-(Noise+Distortion) 
degrades to 6OdB, or 10 bits of accuracy. 
(8) The ADS7824 will accurately 
acquire any input step if given a full acquisition period after the step. (9) Recovers to specified performance 
after 2 x FS input overvoltage, 
and normal acquisitions 
can begin. 


Analog Inputs: AIN" 
AIN" 
AIN,. AIN, 
±25V 
REF 
(AGND2 -Q.3V) to (Vs + 0.3V) 


CAP 
Indelinite Short to AGND2, 


Momentary Short to Vs 
Vs, and Vs, to AGND2 
7V 


VS1 to VS2 .. 
. 
±O.3V 
Difference between AGND1, AGND2 and DGND 
±O.3V 


Digital Inputs and Outputs 
-Q.3V to (Vs + 0.3V) 


Maximum Junction Temperature 
150°C 


Internal Power Dissipation. 
. 
825mW 
Lead Temperature 
(soldering, 
10s). 
. 
+300·C 
Maximum Input Current to Any Pin .. 
. 
100mA 


LOW 


LOW 


LOW 


EXTIINT 


SYNC 
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PIN' 
NAME 


1 
AGND1 


2 
AIN" 


3 
AIN, 


4 
AIN2 


5 
AIN3 


6 
CAP 


7 
AEF 


8 
AGND2 


9 
D7 


10 
D6 


11 
D5 


12 
D4 


13 
D3 
a 


14 
DGND 


15 
D2 
I/O 


16 
D1 
a 


17 
DO 
I/O 


18 
A1 
I/O 


19 
A2 
I/O 


20 
PAR/SEA 
I 


21 
BYTE 
I 


22 
R/C 
I 


23 
cs 
I 


24 
BUSY 
a 


25 
CONTC 
I 


26 
PWAD 
I 


27 
VS2 


28 
vs, 


Analog Ground. 
Used internally as ground reference 
point. 


Analog Input Channel O. Full-scale inpul range is ±10V. See Table I. 


Analog Input Channel 
1. Full-scale inpul range is ±10V. See Table I. 


Analog Inpul Channel 2. Full-scale 
input range is ±10V. See Table I. 


Analog Inpul Channel 3. Full-scale input range is ±10V. See Table I. 


Internal Reference 
Output Buffer. 2.2)J.F Tantalum 
to ground. 


Reference 
InpuVOutput. Outputs +2.5V nominal. If used externally, 
must be buffered to maintain ADS7824 
accuracy. 


Can also be driven by external system reference. 
In both cases, bypass to ground with a 2.2JJ.F Tantalum 
capacitor. 


Analog Ground. 
a 
Parallel Data Bil 7 if PAR/SEA 
HIGH; LOW if PAR/SEA 
LOW. See Table II. 


a 
Parallel Data Bit 6 if PAR/SEA 
HIGH; LOW if PAR/SEA 
LOW. See Table II. 


a 
Parallel Dala Bit 5 if PAR/SEA 
HIGH; LOW if PAR/SEA 
LOW. See Table II. 


I/O 
Parallel Dala Bit 4 if PAR/SEA 
HIGH; if PAR/SEA 
LOW, a LOW level input here wililransmil 
serial data on SDATA from 
the previous conversion 
using the internal clock; a HIGH input here will transmit serial data using an external clock input 
on DATACLK. 
See Table II. 


Parallel Dala Bil 3 it PAR/SEA 
HIGH; LOW if PAR/SEA 
LOW. See Table II. 


Digital Ground. 


Parallel Dala Bit 2 if PAR/SEA 
HIGH; if PAR/SEA 
LOW, Ihis will outpullhe 
internal conversion 
clocl< if a LOW is input 
on 04; will be an input for an external data transmission 
clock if 04 is HIGH. See Table II. 


Parallei Data Bit 1 if PAR/SEA 
HIGH; SDATA serial dala oUlput if PAR/SEA 
LOW. See Table II. 


Parallel Data Bit 0 if PAR/SEA 
HIGH; TAG dala input if PAR/SEA 
LOW. See Table II. 


Channel Address. 
Input if CONTC LOW, output if CONTC HIGH. See Table II. 


Channel Address. 
Input if CONTC LOW, output if CONTC HIGH. See Table II. 


Select Parallel or Serial Output. If HIGH. parallel data will be output on 00 thru 07. If LOW, serial data will be output on 
SDATA. See Table II. 


Byte Select. Only used with parallel dala, when PAR/SEA 
HIGH. Determines 
which byte is available 
on DO Ihru D7. 


Changing 
BYTE with CS LOW and R/G HIGH will cause Ihe data bus 10 change accordingly. 
LOW selects the 8 MSBs; 
HiGH selects the 4 LSBs. 


Aead/Convert 
Input. Wilh CS LOW, a fa ling edge on R/G puIs the inlernal samplelhold 
inlo the hold slale and slarts a 
conversion. 
With CS LOW, a rising edge on RlC enables the output data bits if PARISEA 
HIGH, or starts transmission 
of serial data if PAR/SEA 
LOW and EXTIINT HIGH. 


Chip Select. Internally OA'd wilh R/C. With CONTC 
LOW and R/G LOW, a falling edge on CS will initiate a conversion. 
With RlC HIGH, a falling edge on CS will enable the output data bits if PARISER HIGH, or starts transmission 
of serial 
dala if PAR/SEA 
LOW and EXTIINT HIGH. 


Busy Output. Falls when conversion 
is started; remains LOW until the conversion 
is completed 
and the data is latched 
into the output register. 
In parallel output mode or in internal clock serial mode, output data will be valid when BUSY 
rises, so that the rising edge can be used to latch the data. 


Continuous 
Conversion 
Input. If LOW, conversions 
will occur normally when initiated using CS and RIG; if HIGH, 


acquisition 
and conversions 
will take place continually, 
cycling through all four input channels, 
as long as CS, RlC and 
PWAD are LOW. See Table II. 


Power Down Input. If HIGH, conversions 
are inhibited and power consumption 
is significantly 
reduced. 
Results from the 
previous conversion 
are maintained 
in the output register. 
In the continuous 
conversion 
mode, the multiplexer 
address 
channel is reset to channel 0 


Supply Input. Nominally +5V. Connect directly to pin 27. Decouple to ground with 0.1JlF ceramic and 10Jl.FTantalum 
capacitors. 


Supply Input. Nominally 
+5V. Connecl directly to pin 28. 


CHANNEL 
A1 
AO 
SELECTED 
DESCRIPTION 
OF OPERATION 


0 
0 
AINo 
Channel 
to be converted 
during conversion 
n + 1 is latched 
0 
1 
AIN, 
when conversion 
n is initiated. The selected input starts being 
1 
0 
AIN2 
acquired as soon as conversion 
n is done. 


1 
1 
AIN3 


DATA AVAILABLE 
CHANNEL 
TO BE OR 


A1 
AO 
FAOM CHANNEL 
BEING CONVERTED 
DESCAIPTION 
OF OPERATION 


0 
0 
AIN3 
AINo 


0 
1 
AINo 
AlN1 
Channel 
being acquired 
or converted 
is output 
on these 


1 
0 
AIN, 
A/N2 


address lines. Data is valid for the previous channel. These 


1 
1 
AIN2 
AIN3 
lines are updated when BUSY rises. 
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INPUTS 
OUTPUTS 


CS 
RlC 
BYTE 
CONTC 
PWRO 
BUSY 
07 
06 
05 
D4 
03 
02 
01 
DO 
COMMENTS 


1 
X 
X 
X 
X 
X 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
X 
0 
X 
X 
X 
X 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 


0 
1 
0 
X 
X 
X 
Bl1 
Bl0 
69 
68 
67 
66 
65 
B4 
Results from last 
(MS6) 
completed 
conversion. 


0 
1 
1 
X 
X 
X 
63 
62 
61 
60 
LOW 
LOW 
LOW 
LOW 
Results from last 
(LS6) 
completed 
conversion. 


0 
1 
X 
X 
X 
r 
H 
H 
H 
H 
H 
H 
H 
H 
Data will change at the 
end of a conversion. 


TABLE IIa. Read Control for Parallel Data (PAR/SER = 5V.) 


07,06,05 
D4 
03 
02 
01 
DO 
CS 
RlC 
CONTC 
PWRO 
6USY 
LOW 
EXTnNT 
SYNC 
OATACLK 
SOATA 
TAG 
COMMENTS 


Input 
Input 
Input 
Input 
Output 
Output 
Input 
Output 
1/0 
Output 
Input 


1 
X 
X 
X 
X 
Hi-Z 
LOW 
Hi-Z 
Output, Hi-Z 
Hi-Z 
X 


X 
0 
X 
X 
X 
Hi-Z 
LOW 
Hi-Z 
Output, Hi-Z 
Hi-Z 
X 


0 
t 
0 
X 
1 
LOW 
LOW 
LOW 
Output 
Output 
X 
Starts transmission 
of data from previous 
conversion 
on SDATA synchronized 
to 16 


pulses output on DATACLK. 


t 
0 
0 
X 
LOW 
LOW 
LOW 
Output 
Output 
X 
Starts transmission 
of data from previous 
conversion 
on SDATA synchronized 
to 16 
puises output on DATACLK, 


X 
X 
LOW 
HIGH 
LOW 
Input 
Output 
Input 
The level output on SDAT A will be fhe level 
input on TAG 16 DATACLK 
input cycles 
earlier. 


X 
r 
LOW 
HIGH 
LOW 
Input 
Outpuf 
Input 
At the end of the conversion. 
when BUSY 


rises. data from the conversion 
will be shrtted 
into the output registers. 
If a clock is being 
input on DATACLK, 
valid data will be lost. 


r 
X 
LOW 
HIGH 
LOW 
Input 
Output 
X 
Initiates transmission 
of a HIGH pulse on 
SYNC followed by data from last completed 
conversion 
on SDATA synchronized 
to the 
inpuf on DATACLK. 
t 
0 
X 
LOW 
HIGH 
LOW 
Input 
Output 
X 
Initiates transmission 
of a HIGH pulse on 
SYNC followed by data from last completed 
conversion 
on SDATA synchronized 
to the 
inpuf on DATACLK. 


0 
0 
0 
t 
LOW 
LOW 
LOW 
Output 
Output 
X 
Starts transmission 
of data from previous 
conversion 
on SDATA synchronized 
to 16 
pulses output on DATACLK 
t 
X 
X 
X 
LOW 
HIGH 
Output 
Input 
Output 
X 
SDATA becomes active. Inputs on DATACLK 
shift out data. 
r 
X 
X 
X 
LOW 
HIGH 
Output 
Input 
Output 
X 
SDATA becomes active. Inputs on DATACLK 
shift out data. 
t 
X 
X 
LOW 
LOW 
LOW 
Output 
Output 
X 
Restarts continuous 
conversion 
mode. Data 
starts being transmitted 
when BUSY next 


rises. 


t 
X 
X 
LOW 
LOW 
LOW 
Output 
Output 
X 
Restarts continuous 
conversion 
mode. Data 
starts being transmitted 
when BUSY next 
rises. 


TABLE lIb. Read Control for Serial Data (PAR/SER = av.) 


CONTC 
CS 
RlC 
BUSY 
PWRO 
AO and A1 
OPERATION 


0 
X 
X 
X 
X 
Inputs 
Initiating conversion 
n latches in the levels input on AO and A1 to select the channel for 
conversion 
n + 1 


0 
X 
X 
0 
0 
Inputs 
Conversion 
in process. New convert commands 
ignored. 


0 
0 
t 
1 
0 
Inputs 
Initiates conversion 
on channel selected at start of previous conversion. 


0 
t 
0 
1 
0 
Inputs 
Initiates conversion 
on channel selected at start of previous conversion. 


0 
X 
X 
X 
1 
Inputs 
All analog functions 
powered down. Conversions 
in process or initiated will yield 
meaningless 
data. 


1 
X 
X 
X 
X 
Outputs 
The end of conversion 
n (when BUSY rises) increments the intemal channel latches and 
outputs the channel address for conversion 
n + 1 on AO and A1. 


1 
X 
X 
0 
0 
Outputs 
Conversion 
in process 


1 
0 
t 
1 
0 
Outputs 
Restarts continuous 
conversion 
process on next input channel. 


1 
t 
0 
1 
0 
Outputs 
Restarts continuous 
conversion 
process on next input channel. 


1 
X 
X 
X 
1 
Outputs 
All analog functions 
powered down. Conversions 
in process or initiated will yield 
meaningless 
data. Resets selected input channel for next conversion 
to INo_ 
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Figure 
I shows the simple circuit required 
to operate the 


ADS7824, 
converting 
a single input channel. 
Taking 
R/C 


(pin 22) LOW for a minimum of 40ns will initiate a conver- 
sion. BUSY (pin 24) will go LOW and stay LOW until the 
conversion 
is completed 
and the output 
registers 
are up- 
dated. 
With BYTE 
(pin 21) in the LOW 
state, the eight 


MSB's will be output in Binary Two's Complement 
with the 
MSB (BIT II) at pin 9. By bringing BYTE HIGH, the four 
LSB's will be output with the LSB (BIT 0) at pin 12 (See 
Table ITa). BUSY going HIGH can be used to latch the MSB 
data. All convert commands 
will be ignored while BUSY is 


LOW. 


BUSY 


2.2~F 
RiC 


ADS7824 
BYTE 


07 
+5V 


06 


05 


04 
00 


03 
01 


02 
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PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


4 Channel, 16-Bit Sampling CMOS AID Converter 


• 
2S/lS max SAMPLING 
AND CONVERSION 


• 
SINGLE 
+SV SUPPLY 
OPERATION 


• 
PIN-COMPATIBLE 
WITH 12-BIT ADS7824 


• 
PARALLEL 
AND SERIAL 
DATA OUTPUT 


• 
28-PIN 0.3" PLASTIC 
DIP AND SOIC 


• 
12.0 LSB max INL 


• 
SOmW max POWER DISSIPATION 
PLUS 


• 
SOJ.lWPOWER DOWN MODE 


• 
±10V INPUT RANGE, 
FOUR CHANNEL 
MULTIPLEXER 


• 
CONTINUOUS 
CONVERSION 
MODE 


The ADS7825 
can acquire 
and convert 
16 bits to 
within ±2.0 LSB in 25J.ls max while consuming 
only 


50mW max. Laser-trimmed 
scaling resistors provide 
the standard industrial ±lOV input range and channel- 
to-channel 
matching 
of ±D. 1%. The ADS7825 
is a 


low-power 
16-bit sampling 
AID with a four channel 
input 
multiplexer, 
StH, 
clock, 
reference, 
and 
a 
parallel/serial 
microprocessor 
interface. It can be con- 


figured in a continuous 
conversion 
mode to sequen- 
tially digitize all four channels. The 28-pin ADS7825 
is available in a plastic 0.3" DIP and in a SOIC, both 
fully specified for operation over the industrial -40°C 
to +85°C range. 


RlC 
cs 
BYTE 


Power Down 


BUSY 


Parallel 


or 
Serial Clock 


Serial 


Data 
Serial Data 


Out 
Parallel Data 
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SPECIFICATIONS 


ADS7825P. 
U 
ADS7825PB, 
UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
Bits 


ANALOG 
INPUT 
Voltage 
Range 
±10V 
V 
Impedance 
Channel On or Off 
45.7 
kn 
Capacitance 
35 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
20 
I' 
l1S 
Acquisition 
Time 
5 
l1S 
Multiplexer 
Settling Time 
Includes Acquisition 
5 
l1S 
Complete 
Cycle (Acquire and Convert) 
25 
l1s 
Complete 
Cycle (Acquire and Convert) 
CONTC = +5V 
50 
l1S 
Throughput 
Rate 
40 
kHz 


DC ACCURACY 
Integral Linearity Error 
±3 
±2.0 
lSB(1) 


No Missing Codes 
15 
16 
Transition 
Noise(2) 
0.8 
lSB 
Full Scale Error<3,4) 
Internal Reference 
±0.5 
±0.25 
% 


Full Scale Error Drift 
Internal Reference 
±7 
±5 
ppml"C 
Full Scale Error<3.") 
±0.5 
±0.25 
% 


Full Scale Error Drift 
±2 
" 


ppml"C 
Bipolar Zero Error(3) 
±10 
mV 
Bipolar Zero Error Drift 
±2 
ppml"C 
Channel-la-Channel 
Mismatch 
0.1 
% 
Power Supply Sensitivity 
+4.75 < Vs < +5.25 
±8 
lSB 


AC ACCURACY 
Spurious-Free 
Oynamic Range(5) 
fiN::: 
1kHz 
90 
dB 
Total Harmonic 
Distortion 
f'N = 1kHz 
-90 
dB 
Signal-to-(Noise+Oistortion) 
fIN"" 
1kHz 
83 
86 
dB 
Signal-la-Noise 
f'N = 1kHz 
83 
86 
dB 
Channel Separation(6) 
fIN:: 
1kHz 
100 
120 
dB 


-3dB 
Bandwidth 
TBD 
MHz 
Useable Bandwidth(7) 
TBD 
kHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
40 
ns 
Transient 
Response(8) 
FS Step 
5 
l1S 
Overvoltage 
Recovery(9) 
1 
l1S 


REFERENCE 
Internal Reference 
Vottage 
2.48 
2.5 
2.52 
V 
Internal Reference 
Source Current 
1 
llA 
(Must use external buffer) 
External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
for Specified 
Linearity 
External Reference 
Current Drain 
VREF• +2.5V 
100 
llA 


DIGITAL 
INPUTS 
Logic Levels 
VIL 
-0.3 
+0.8 
V 
V'H 
+2.4 
Vo +0.3V 
V 
III 
±10 
llA 


I'H 
±10 
l1A 


DIGITAL 
OUTPUTS 


Data Format 
Parallel in two bytes; Serial 
Data Coding 
Binary Two's Complement 
VOl 
IS1NK 
:: 1.6mA 


I 
I 


+0.4 
V 
VOH 
ISOURCE= 500llA 
+4 
V 
Leakage Current 
High-Z State, Vour = OV to Vs 
±5 
llA 
Output Capacitance 
High-Z Stale 
15 
15 
pF 


The information 
provided 
herein is believed to be reliable; however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes no responsibility 
tor the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not 
authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 
(CONT) 


ELECTRICAL 


ADS7825P. 
U 
ADS7825PB. 
UB 


PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


DIGITAL 
TIMING 


Bus Access 
Time 
PAR/SEA 
= +5V 
83 
ns 


Bus Relinquish 
Time 
PAR/SEA 
3 
+5V 
83 
ns 


Data Clock 
PAR/SEA 
= OV 
Internal Clock (Output only when 
EXT/INT LOW 
0.5 
1.5 
MHz 
transmitting 
data) 


External Clock (Can run continually) 
EXT/INT HIGH 
0.1 
10 
MHz 


POWEA SUPPLIES 


VS1 = VS2 = Vs 
+4.75 
+5 
+5.25 
V 
Power 
Dissipation 
Is = 40kHz 
50 
mW 


PWAD HIGH 
50 
~W 


TEMPERATUAE 
AANGE 


Specified 
Performance 
--10 
+85 
·C 


Storage 
-65 
+150 
·C 


Thermal 
Aesistance 
(8J'> 
Plastic DIP 
75 
·CiW 
SOIC 
75 
·CiW 


NOTES: 
(1) LSB means Least Significant 
Bit. For the 16-bit, ±10V 
input ADS7825, 
one LSB is 30~V. 
(2) Typical 
rms noise at worst case transitions 
and 
temperatures. 
(3) Adjustable 
to zero with external 
potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale 
or +Full Scale 
untrimmed 
deviation 
from ideal 
first and last code transitions, 
divided by the transition 
voltage 
(not divided by the full·scale 
range) 
and includes 
the effect of offset error. (5) All specifications 
in 


dB are referred 
to a full·scale 
±10V 
input. (6) A full scale 
sinewave 
input on one channel 
will be attenuated 
by this amount 
on the other channels. 
(7) Useable 


Bandwidth defined as Full-Scale input frequency 
at which Signal-to-(Noise+Distortion) 
degrades to 6OdB, or 10 bits of accuracy. 
(8) The ADS7825 
will accurately 


acquire any input step if given a full acquisition 
period after the step. (9) Recovers 
to specified 
performance 
after 2 x FS input overvoltage, 
and normal 
acquisitions 
can begin. 


Analog Inputs: AIN" 
AIN,. AIN" 
AIN3 
±25V 


AEF . 
.. 
(AGND2 -<J.3V) to (Vs + 0.3V) 


CAP 
Indefinite Short to AGND2, 


Momentary 
Short to Vs 


Vs, and VS2 to AGND2 
7V 


Vs, to Vs, 
.. 
±0.3V 


Difference between AGND1, AGND2 and DGND 
±0.3V 
Digital Inputs and Outputs 
-<J.3V to (Vs + 0.3V) 


Maximum 
Junction Temperature 
.. 1500C 


Internal 
Power 
Dissipation 
. 
825mW 
Lead Temperature 
(soldering, 
10s).. 
. 
+300·C 
Maximum 
Input Current 
to Any Pin 
100mA 


LOW 


LOW 


LOW 


EXT/INT 


SYNC 


BURR-BROWNe 
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TAG 


SDATA 


DATACLK 


BYTE 


PAR/SEA 


1 
AGND1 


2 
AINo 


3 
AIN, 


4 
AIN, 


5 
AIN, 


6 
CAP 


7 
REF 


8 
AGND2 


9 
07 
a 


10 
06 
a 


11 
05 
a 


12 
04 
1/0 


13 
03 
a 


14 
DGND 


15 
02 
1/0 


16 
01 
a 


17 
DO 
1/0 


18 
A1 
1/0 


19 
A2 
1/0 


20 
PAR/SEll 
I 


21 
BYTE 


22 
R/C 


23 
CS 


24 
BUSY 
a 


25 
CONTC 


26 
PWRD 


27 
VS2 


28 
Vs, 


Analog 
Ground. 
Used internally 
as ground 
reference 
point. 


Analog Input Channel O. Full-scale 
input range is ±10V. See Table I. 


Analog Input Channel 1. Full-scale 
input range is ±10V. See Table I. 


Analog Input Channel 2. Full-scale 
input range is ±10V. See Table I. 


Analog Input Channel 3. Full-scale 
input range is ±10V. See Table I. 


Internal Reference 
Output Buffer. 2.2~F Tantalum to ground. 


Reference 
InpuVOutput. 
Outputs 
+2.5V 
nominal. 
If used externally, 
must be buffered 
to maintain 
ADS7825 
accuracy. 


Can also be driven by external 
system 
reference. 
In both casas, 
bypass 
to ground with a 2.2)lF Tantalum 
capacitor. 


Analog Ground. 


Parallel Data Bit 7 If PAR/SER HIGH; LOW if PAR/SER 
LOW. See Table II. 


Parallel Data Bit 6 if PAR/SER HIGH; LOW if PAR/SER 
LOW. See Table II. 


Parallel Data Bit 5 if PAR/SER HIGH; LOW if PAR/SER LOW. See Table II. 


Parallel Data Bit 4 If PAR/SER HIGH; if PAR/SER LOW, a LOW level input here will transmit serial data on SDATA from 


the previous 
conversion 
using the internal 
clock; a HIGH 
input here will transmit 
serial data using an external 
clock input 
on DATACLK. 
See Table II. 


Parallel Data Bit 3 if PAR/SER 
HIGH; LOW if PAR/SER LOW. See Table II. 


Digital Ground. 


Parallel Data Bit 2 if PAR/SER 
HIGH; if PAR/SER LOW, this will output the internal conversion 
clock If a LOW is input 


on 04; 
will be an input for an external 
data transmission 
clock if 04 
is HIGH. 
See Table 
II. 


Parallel Data Bit 1 if PAR/SER HIGH; SDATA serial data output If PAR/SER LOW. See Table II. 


Parallel Data Bit 0 if PAR/SER 
HIGH; TAG data input If PAR/SER LOW. See Table II. 


Channel Address. 
Input if CONTC LOW, output if CONTC HIGH. See Table II. 


Channel Address. 
Input if CONTC LOW, output if CONTC HIGH. See Table II. 


Select Parallel or Serial Output. If HiGH, parallel data will be output on DO thru 07. If LOW, serial data will be output on 
SDATA. See Table II. 


Byte Select. Only used with parallel data, when PAR/SER 
HIGH. Determines 
which byte is available 
on DO thru 07. 


Changing 
BYTE with CS LOW and R/G HIGH will cause the data bus to change accordingly. 
LOW selects the 8 MSBs; 


HIGH selects the 8 LSBs. 


Read/Convert 
Input. With CS LOW, a falling edge on R/G puts the infernal samplelhold 
into the hold stafe and starts a 


conversion. 
With CS LOW, 
a rising edge 
on RIG enables 
the output data bits if PAR/SEA 
HIGH, 
or starts transmission 
of serial data if PAR/SER LOW and EXT/INT HIGH. 


Chip Select. Internally OR'd with R/G. With CONTC LOW and R/G LOW, a falling edge on CS will initiate a conversion. 
With R/G HIGH, a falling edge on CS will enable the output data bits if PAR/SER HIGH, or starts transmission 
of serial 


data if PAR/SER LOW and EXT/INT HIGH. 


Busy Output. 
Falls when conversion 
is started; 
remains 
LOW 
until the conversion 
is completed 
and the data 
is latched 


into the output register. 
In parallel 
output mode or in internal 
clock serial mode, 
output data will be valid when 
BUSY 
rises, so that the rising edge 
can be used to latch the data. 


Continuous 
Conversion 
Input. If LOW, 
conversions 
will occur normally 
when initiated 
using CS and RIG; if HIGH, 


acquisition 
and conversions 
will take place continually, 
cycling through 
all four input channels, 
as long as CS, RIG and 
PWRD are LOW. See Table II. 


Power 
Down Input. If HIGH, 
conversions 
are inhibited 
and power 
consumption 
is significantly 
reduced. 
Results 
from the 
previous 
conversion 
are maintained 
in the output register. 
In the continuous 
conversion 
mode, 
the multiplexer 
address 
channel 
is reset to channel 
0 


Supply Input. Nominally +5V. Connect directfy to pin 27. Decouple to ground with O.l~F ceramic and l~F 
Tantalum 
capacitors. 


Supply Input. Nominally +5V. Connect directly to pin 28. 


CHANNEL 


A1 
AO 
SELECTED 
DESCRIPTION 
OF OPERATION 


0 
0 
AIN, 
Channel 
to be converted 
during 
conversion 
n + 1 is latched 
0 
1 
AIN, 
when conversion 
n is initiated. 
The selected 
input starts being 
1 
0 
AIN, 
acquired 
as soon as conversion 
n is done. 


1 
1 
AIN, 


DATA AVAILABLE 
CHANNEL 
TO BE OR 


A1 
AO 
FROM CHANNEL 
BEING; CONVERTED 
DESCRIPTION 
OF OPERATION 


0 
0 
AIN, 
AIN, 


Channel 
being 
acquired 
or converted 
is output 
on these 
0 
1 
AINo 
AIN, 
1 
0 
AIN, 
AIN, 
address 
lines. Data is valid for the previous channel. 
These 


1 
1 
AIN, 
AIN, 
lines are updated 
when 
BUSY 
rises. 


TABLE lb. AO and Al Outputs (CONTC HIGH.) 
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1 
X 
X 
X 
X 
X 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 


X 
0 
X 
X 
X 
X 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 


0 
1 
0 
X 
X 
X 
B11 
B10 
B9 
B8 
B7 
B6 
B5 
B4 
Results from last 
(MSB) 
completed 
conversion. 


0 
1 
1 
X 
X 
X 
B3 
B2 
B1 
BO 
LOW 
LOW 
LOW 
LOW 
Results from last 
(LSB) 
completed 
conversion. 


0 
1 
X 
X 
X 
i 
H 
H 
H 
H 
H 
H 
H 
H 
Data will change at the 
end of a conversion. 


TABLE IIa. Read Control for Parallel Data (PAR/SER = 5V.) 


07,06,05 
04 
03 
02 
01 
DO 


CS 
RlC 
CONTC 
PWRO 
BUSY 
LOW 
EXTIINT 
SYNC 
OATACLK 
SOATA 
TAG 
COMMENTS 


Input 
Input 
Input 
Input 
Output 
Output 
Input 
Output 
1/0 
Output 
Input 


1 
X 
X 
X 
X 
Hi-Z 
LOW 
Hi-Z 
Output, Hi-Z 
Hi-Z 
X 


X 
0 
X 
X 
X 
Hi-Z 
LOW 
Hi-Z 
Output, Hi-Z 
Hi-Z 
X 


0 
t 
0 
X 
1 
LOW 
LOW 
LOW 
Output 
Output 
X 
Starts transmission 
of data from previous 
conversion 
on SOAT A synchronized 
to 16 
pulses output on OATACLK. 


t 
X 
LOW 
LOW 
LOW 
Output 
Output 
X 
Starts transmission 
of data from previous 
conversion 
on SDATA synchronized 
to 16 
pulses output on OATACLK. 


0 
0 
X 
X 
LOW 
HIGH 
LOW 
Input 
Output 
Input 
The level output on SOATA will be the level 
input on TAG 16 OATACLK input cycles 
earlier. 


X 
i 
LOW 
HIGH 
LOW 
Input 
Output 
Input 
At the end of the conversion, 
when BUSY 
rises, data from the conversion 
will be shifted 
into the output registers. 
If a clock is being 
input on OATACLK, valid data will be losl. 


i 
X 
LOW 
HIGH 
LOW 
Input 
Output 
X 
Initiates transmission 
of a HIGH pulse on 
SYNC followed by data trom last completed 
conversion 
on SOATA synchronized 
to the 
input on OATACLK. 


0 
X 
LOW 
HIGH 
LOW 
Input 
Output 
X 
Initiates transmission 
of a HIGH pulse on 
SYNC followed by data from last completed 
conversion 
on SDATA synchronized 
to the 
input on OATACLK. 


0 
0 
0 
t 
LOW 
LOW 
LOW 
Output 
Output 
X 
Starts transmission 
of data from previous 
conversion 
on SOATA synchronized 
to 16 
pulses output on OATACLK 
t 
X 
X 
X 
LOW 
HIGH 
Output 
Input 
Output 
X 
SOATA becomes 
active. Inputs on OATACLK 
shift out data. 
i 
X 
X 
X 
LOW 
HIGH 
Output 
Input 
Output 
X 
SDATA becomes 
active. Inputs on OATACLK 
shift out data. 
t 
X 
X 
LOW 
LOW 
LOW 
Output 
Output 
X 
Restarts continuous 
conversion 
mode. Data 
starts being transmitted 
when BUSY next 
rises. 
t 
X 
X 
LOW 
LOW 
LOW 
Output 
Output 
X 
Restarts continuous 
conversion 
mode. Data 
starts being transmitted 
when BUSY next 
rises. 


TABLE lIb. Read Control for Serial Data (PAR/SER = av.) 


CONTC 
CS 
RlC 
BUSY 
PWRO 
AO and A1 
OPERATION 


0 
X 
X 
X 
X 
Inputs 
Initiating conversion 
n latches in the levels input on AO and A1 to select the channel for 
conversion 
n + 1 


0 
X 
X 
0 
0 
Inputs 
Conversion 
in process. New convert commands 
ignored. 


0 
0 
t 
1 
0 
Inputs 
Initiates conversion 
on channel selected at start of previous conversion. 


0 
t 
0 
1 
0 
Inputs 
Initiates conversion 
on channel selected at start of previous conversion. 


0 
X 
X 
X 
1 
Inputs 
All analog functions powered down. Conversions 
in process or initiated will yield 
meaningless 
data. 


1 
X 
X 
X 
X 
Outputs 
The end of conversion n (when BUSY rises) increments the internal channel latches and 
outputs the channel address for conversion 
n + 1 on AO and A1. 


1 
X 
X 
0 
0 
Outputs 
Conversion 
in process 


1 
0 
t 
1 
0 
Outputs 
Restarts continuous 
conversion 
process on next input channel. 


1 
t 
0 
1 
0 
Outputs 
Restal1s continuous 
conversion 
process on next input channel. 


1 
X 
X 
X 
1 
Outputs 
All analog functions powered down. Conversions 
in process or initiated will yield 
meaningless 
data. Resets selected input channel for next conversion 
to INo_ 
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For Immediate Assistance, Contact YourLocal Salesperson 


BASIC OPERATION 


Figure 
I shows the simple circuit required 
to operate the 


ADS7825, 
converting 
a single input channel. 
Taking R/E 


(pin 22) LOW for a minimum of 40ns will initiate a conver- 
sion. BUSY (pin 24) will go LOW and stay LOW until the 
conversion 
is completed 
and the output 
registers 
are up- 


dated. With BYTE 
(pin 21) in the LOW 
state, the eight 


07 (MSB) 


06 


05 


MSB's will be output in Binary Two's Complement 
with the 


MSB (BIT 15) at pin 9. By bringing BYTE HIGH, the eight 
LSB's will be output with the LSB (BIT 0) at pin 17 (See 
Table IIa). BUSY going HIGH can be used to latch the MSB 
data. All convert commands 
will be ignored while BUSY is 


LOW. 


00 (LSB) 


01 


02 
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12-Bit 600kHz Sampling CMOS 
ANALOG-ta-DIGITAL CONVERTER 


• 
600kHz THROUGHPUT 
RATE 


• 
STANDARD 
±2.5V INPUT RANGE 


• 
69dB min SINAD WITH 250kHz 
INPUT 


• 
COMPLETE 
WITH S/H, REF, CLOCK, 
ETC. 


• 
PARALLEL 
DATA wlLATCHES 


• 
FULLY SPECIFIED 
-40°C 
TO +85°C 


• 
15MHz -3dB 
BANDWIDTH 


• 
28-PIN 0.3" PDIP AND SOIC 


The ADS7831 
is a complete 
12-bit sampling 
AID 


using state-of-the-art 
CMOS structures. 
It contains 
a 
complete 
l2-bit capacitor-based 
SAR AID with inher- 
ent S/H, reference, clock, interface for microprocessor 
use, and three-state 
output drivers. 


The ADS783I 
is specified at a 600kHz sampling rate, 
and guaranteed 
over the full temperature 
range. 
A 


±2.5V input range and excellent Nyquist performance 
provide an optimum 
solution in ±5V supply systems. 


The 28-pin ADS783I 
is available in a plastic 0.3" DIP 
and in an sorc, both fully specified for operation over 
the industrial --40°C to +85°C range. 


FREQUENCY 
SPECTRUM 
(16384 PointFFT;fiN = 250kHz, -Q.5dB) 
o 
-10 
-20 


-30 
co 
-40 
~ 
-50 
Q) 
~ 
-60 
0.. 
-70 
~ 
-80 
-90 


-100 


-110 


-120 


THO: 
-91 dB 
SNR: 
72dB 
SFOR: 
94dB 
2nd Harmonic: 
-98dB 
3rd Harmonic 
: -94dB 


150 


Frequency 
(KHZ) 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bits 


ANALOG 
INPUT 
Voltage Range 
±2.5 
V 
Impedance 
3.1 
k!l 


Capacitance 
5 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
1.3 
~s 


Complete 
Cycle 
Acquire & Convert 
1.66 
~s 


Throughput 
Rate 
600 
kHz 


DC ACCURACY 
Integral Linearity Error 
±1 
LSB(1) 


Differential 
Linearity Error 
±1 
LSB 
No Missing Codes 
Guaranteed 


Total Unadjusted 
Errori2.31 
±10 
LSB 


(Includes Bipolar Zero Error and Full Scale Error) 


Power Supply Sensitivity 
(+VOIG 
::: +V ANA '" Vo) 
+4.75V < Vo< +S.25V 
±5 
LSB 
-5.25V 
< -V"", 
< -4.75V 


AC ACCURACY 
Spurious· Free Dynamic 
Range 
f~~ 250kHz 
77 
87 
dBI") 


Total Harmonic 
Distortion 
f~= 250kHz 
-as 
-77 
dB 


Signal-lo-(Nois8+0islortion) 
f~= 250kHz 
69 
71 
dB 
Signal-ta-Noise 
f~= 
250kHz 
69 
72 
dB 
Usable BanctwidthlSI 
1.6 
MHz 
Full-Power 
Bandwidth 
15 
MHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
20 
ns 
Aperture Jitter 
10 
ps 
Transient 
Response 
FS Step 
200 
ns 


Overvonage 
Recovery'" 
250 
ns 


REFERENCE 
Reference 
Voltage 
2.45 
2.5 
2.55 
V 
Reference 
DC Source Current 
100 
~ 


(External load should be static) 


DIGITAL 
INPUTS 
Logic Levels 
V. 
-0.3 
+0.8 
V 


V~ 
+2.4 
Vo + 0.3 
V 


I. 
V. 
= OV 
±10 
~ 
IH 
VH = 5V 
±10 
~ 
DIGITAL 
OUTPUTS 
Data Format 
Parallel 12-bits 
Data Coding 
Binary Two's Complement 


V"'- 
ISINK ::l I.SmA 
+0.4 
V 


V"" 
IsouRC, = 500~ 
+2.8 
V 


Leakage Current 
High-Z State, 
±5 
~A 


Vour'" 
OV to Voo 
Output Capacitance 
High-Z State 
15 
pF 


DIGITAL 
TIMING 
Bus Access Time 
62 
ns 


Bus Relinquish 
Time 
83 
ns 


POWER SUPPLIES 
Specified 
Periormance 
+VOIG= 
+VAJU, 
+4.75 
+5 
+5.25 
V 


-V"", 
-5.25 
-5 
-4.75 
V 


+1"", 
+16 
mA 
+1_ 
+16 
mA 


-I"", 
-12 
mA 
Power Dissipation 
Is = 600kHz 
220 
275 
mW 


TEMPERATURE 
RANGE 


Specified 
Periormance 
-40 
+85 
°C 
Storage 
-<i5 
+150 
°C 
Thermal 
Resistance 
(9JoJ 


Plastic DIP 
75 
°CIW 
SOIC 
75 
°CIW 


NOTES: (1) LSB means Least Significant Bit. For the 12-bit, ±2.5V input ADS7831, one LSB is 1.22mV. (2) Measured with son in series with analog input. Adjustable 
to zero with external potentiometers. 
(3) Total unadjusted 
error is the worst case of -Full 
Scale or +Full Scale untrimmed 
deviation from ideal first and last code 


transitions and includes the effect of offset error. (4) All specifications 
in dB are referred to a full~scale ±2.5V input. {5} Usable Bandwidth defined as Full-Scale input 
frequency 
at which Signal-to-(Noise+Distortion) 
degrades to 60dS, or 10 bits of accuracy. 
6) Recovers to specified 
periormance 
after 2 x FS input over voltage. 
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Three 
State 
Parallel 


Data 
Bus 


Output 


Latches 


and 


Three 
State 
Drivers 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


ADS7831P 
28-Pin Plastic DIP 
246 


ADS7831U 
28-Pin SOIC 
217 


Analog Inputs: V," 
±25V 
REF 
+V••.• +0.3V to AGND2 --{).3V 


CAP 
Indefinite Short to AGND2 


Momentary 
Short to +V ANA 


Ground Voltage Differences: 
DGND, 
AGND1, AGND2 
±0.3V 
+V ANA 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
+7V 


+VOIGto+VANA 
••.• 
+O.3V 
+VOIG .. 
. 
7V 
-V ••.•.................................................................................................... 
-7V 
Digital Inputs 
... -Q.3V 
to +VOIG+O.3V 
Maximum 
Junction Temperature. 
. 
+165°C 


Internal 
Power 
Dissipation 
825mW 
Lead Temperature 
(soldering, 
10s).. 
.. +300·C 
A 
ELECTROSTATIC 
J.Ba. DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


The information 
provided herein is believed to be reliable: however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omission •. BURR· 
BROWN 
a~GumeG 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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DIGITAL 
PIN. 
NAME 
VO 
DESCRIPTION 


1 
V" 
Analog Input. Connect via 500 to analog input. Full-scale 
input range is ±2.5V. 


2 
AGND1 
Analog Ground. 
Used internally as ground reference point. Minimal current flow. 


3 
REF 
Reference 
InpuVOutput. Outputs internal reference of +2.5V nominal. Can also be driven by external system 
reference. 
In both cases, decouple to ground with a O.1).lF 
ceramic capacitor. 


4 
CAP 
Reference 
Buffer Output. 10llF tantalum capacitor to ground. Nominally 
+2V. 
5 
AGND2 
Analog Ground. 
6 
D11 (MSB) 
0 
Data Bit 11. Most Significant 
Bit (MSB) of conversion 
results. Hi-Z state when C§ is HIGH, or when Ale is 
LOW, or when a conversion 
is in progress. 


7 
D10 
0 
Data Bit 10. Hi-Z state when CS is HIGH, or when RlC is LOW, or when a conversion 
is in progress. 


8 
D9 
0 
Data Bit 9. Hi-Z state when CS is HIGH, or when RlC is LOW, or when a conversion 
is in progress. 


9 
D8 
0 
Data Bit 8. Hi-Z state when C§ is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


10 
D7 
0 
Data Bit 7. Hl-Z state when C§ is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


11 
D6 
0 
Data Bit 6. Hi·Z state when C§ is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


12 
D5 
0 
Data Bit 5. Hi-Z state when C§ is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


13 
D4 
0 
Data Bit 4. Hi-Z state when C§ is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


14 
DGND 
Digital Ground. 
15 
D3 
0 
Data Bit 3. Hi-Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


16 
D2 
0 
Data Bit 2. Hi·Z state when CS is HIGH, or when RIG is LOW, or when a conversion 
is in progress. 


17 
D1 
0 
Data Bit 1. Hi·Z state when CS is HIGH, or when AlG is LOW, or when a conversion 
is in progress. 


18 
DO (LSB) 
0 
Data Bit o. Least Significant 
Bit (LSB) of conversion 
results. Hi-Z state when CS is HIGH, or when FVC is 
LOW, or when a conversion 
is in progress. 


19 
Not internally connected. 


20 
+V""" 
Analog Positive Supply Input. Nominally 
+5V. Connect directly to pins 21, 27 and 28. 
21 
+VOIG 
Digital Supply Input. Nominally +5V. Connect directly to pins 20, 27 and 28. 


22 
DGND 
Digital ground. 


23 
FVC 
I 
Read/Convert 
Input. With CS LOW, a falling edge on FVC puts the internal sampielhold 
into the hold state and 
starts a conversion. 
With OS LOW and no conversion 
in progress, 
a rising edge on Ale enables the output 


data bits. 


24 
CS 
I 
Chip Select. With RlC LOW, a falling edge on CS will initiate a conversion. 
With RlC HIGH and no conversion 


BUSY 
in progress, a falling edge on CS will enable the output data bits. 


25 
0 
Busy Output. Falls when a conversion 
is started, and remains LOW until the conversion 
is completed 
and the 
data is latched into the output register. With CS LOW and FVC HIGH, output data will be vaiid when BUSY 
rises, so that the rising edge can be used to latch the data. 
26 
-V""" 
Analog Negative Supply Input. Nominally -5V. 
Decouple to ground with O.l~F ceramic and 1ll1tF tantalum 
capacitors. 


27 
+V"" 
Digital Supply Input. Nominally 
+5V. Connect directly to pins 20, 21 and 28. 


28 
+V""" 
Analog Positive Supply Input. Nominally 
+5V. Connect directly to pins 20, 21 and 27, and decouple to ground 
with 0.1•.•.F ceramic and 10liF tantalum capacitors. 


PIN CONFIGURATION 


Top View 
DIPISOIC 


V,N 
28 
+V_ 


AGND1 
+VOIG 


REF 
-VANA 


CAP 
BUSY 


AGND2 
CS 


D11 (MSB) 
FVC 


D10 
DGND 
ADS7831 
D9 
+VOlG 


D8 
+V_ 


D7 
NCI') 


D6 
DO (LSB) 


D5 
D1 


D4 
D2 


DGND 
14 
15 
D3 


NOTE: (1) Not Internally Connected. 
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TYPICAL PERFORMANCE CURVES 
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BASIC OPERATION 


Figure 
I shows 
a basic circuit 
to operate 
the ADS7831. 


Taking R!C (pin 23) LOW for 40ns will initiate a conver- 
sion. BUSY (pin 25) will go LOW and stay LOW until the 
conversion 
is completed 
and the output 
registers 
are up- 
dated. 
Data will be output 
in ~ 
Two's 
Complement 
with the MSB on DII 
(pin 6). BUSY going HIGH can be 
used to latch the data. All convert commands will be ignored 
while BUSY is LOW. 


The ADS783I 
will begin tracking the input signal at the end 
of the conversion. 
Allowing 
1.66~ 
between 
convert com- 
mands assures accurate acquisition 
of a new signal. 


The combination of CS (pin 24) and R/E (pin 23) LOW for a 
minimum 
of 40ns immediately puts the sarnplelhold of the 
ADS7831 in the hold state and starts a conversion. BUSY (pin 
25) will go LOW 
and stay LOW 
until the conversion 
is 
completed and the internal output register has been updated. All 
new convert commands during BUSY LOW will be ignored. 


The ADS783I 
will begin tracking the input signal at the end 
of the conversion. 
Allowing 
1.66~ 
between convert com- 
mands assures accurate acquisition_~f a new signal. Refer to 
Table I for a summary 
of CS, R/C, and BUSY states and 
Figures 2 and 3 for timing parameters_ 


CS and R/C are internally OR'd and level triggered. 
There 
is not a requirement 
which 
input goes LOW 
first when 
initiating a conversion. 
If it is critical that CS or R/C initiate 
the conversion, 
be sure the less critical input is LOW at least 
IOns prior to the initiating input. 


To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. Note that 
the parallel output will be active whenever R/C is HIGH and 


011 (MSB) 


010 


no conversion 
is in progress. See the Reading 
Data section 
and refer to Table I for control line functions for 'read' 
and 
'convert' 
modes. 


Cs 
RlC 
BUSY 
OPERATION 


X 
X 
None. 
Oatabus 
in Hi-Z state. 


~ 
0 
Initiates 
conversion. 
Databus 
remains 
in 
Hi-Z state. 


~ 
Initiates 
conversion. 
Databus 
enters 
Hi-Z 


state. 


0 
i 
Conversion 
completed. 
Valid 
data 
from the 
most recent 
conversion 
on the databus. 


Enables 
databus 
with valid data from the 


most recent 
conversion. 
~ 
Conversion in progress. 
Databus 
in Hi-Z 
state. enabIecIwhen the conversion is completed. 


i 
0 
Conversion in progress. Dalabus in H~Z 
state, enabIecIwhen the conversion is completed. 


i 
Conversion completed. Valid data from the 
most recant conversion in the output register, 
but the output pins 011-00 remain tri-stated. 


X 
X 
New convert commands 
ignored. 
Conversion 
in progress. 


Table I. Control Line Functions 
for 'read' 
and 'convert'. 


DESCRIPTION 
ANALOG 
INPUT 
DtGITAL 
INPUT 


Full Scale Range 
±2.5V 
BINARY 
TWO'S 
COMPLEMENT 
Least 
Significant 
1.22mV 
Bit (LSB) 
BINARY 
CODE 
HEX CODE 


+Full Scale 
2.499V 
0111 1111 1111 
7FF 


(2.5V - 
1LSB) 


Midscale 
OV 
0000 0000 0000 
000 


One LSB below 
-1.22mV 
111111111111 
FFF 
Midscale 


-Full 
Scale 
-2.5V 
1000 0000 0000 
800 


Convert 
Pulse 
LJ 


FIGURE 
1. Basic Operation 
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_ 
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I, 
I 
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I 
t, 
1 
18 
- 


DATA BUS 
Dala Valid 
X•.. 
H_i-_Z_S_Ia_Ie 
* 
Data Valid ~ 


I-t,,-I 
-t" 


The ADS7831 
outputs 
full parallel 
data in Binary Two's 


Complement 
data output format. The parallel output will be 


active when Ric (pin 23) is IDGH, CS (pin 24) is LOW, and 
no conversion is in progress. Any other combination will tri- 
state the parallel output. Valid conversion data can be read in 
a full parallel, 12-bit word on Dll-DO 
(pins 6-13 and IS-18). 


Refer to Table n for ideal output codes. 


After the conversion 
is completed 
and the output registers 
have been updated, BUSY (pin 2S) will go IDGH. Valid data 
from 
the 
most 
recent 
conversion 
will 
be 
available 
on 
Dll-DO 
(pins 6-13 and IS-18). BUSY going IDGH can be 
used to latch the data. Refer to Table III and Figures 2 and 3. 


Note: For best performance, 
the external data bus connected 
to DII-DO 
should not be active during a conversion. 
The 


switching 
noise of the external 
asynchronous 
data signals 
can cause digital 
feed through 
degrading 
the converter's 


performance. 


The number of control 
lines can be reduced 
by tieing CS 
LOW while using R/C to initiate conversions 
and activate 
the output mode of the converter. 
See Figure 2. 


The ADS7831 
has a ±2.SV input range. Figures 4a and 4b 
show the necessary 
circuit connections 
for the ADS7831 
with and without external trim. Offset and full scale error(I) 
specifications 
are tested and guaranteed 
with the son resis- 
tor shown 
in Figure 
4b. This external 
resistor 
makes 
it 
possible to trim the offset ±12mV using R, and P, as shown 
in Figure 4a. This resistor may be left out if the offset and 
gain errors 
will be corrected 
in software 
or if they are 
negligible 
in regards to the particular 
application. 
See the 
Calibration 
section of the data sheet for details. 


The nominal input impedance 
of 3.12SkQ results from the 
combination of the internal resistor network shown on page 3 
of this data sheet and the external son resistor. The input 
resistor divider network provides inherent over-voltage 
pro- 
tection guaranteed 
to at least ±2SV. The son, 1% resistor 
does not compromise the accuracy or drift of the converter. It 
has little influence relative to the internal resistors, and tighter 
tolerances are not required. 


Note: The values 
shown for the internal 
resistors 
are for 
reference only. The exact values can vary by ±30%. This is 
true of all resistors internal to the ADS783I. 
Each resistive 
divider is trimmed so that the proper division 
is achieved. 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


I, 
Convert 
Pulse Width 
40 
ns 


t, 
Dala Valid Delay 
1310 
1460 
ns 


After Start of Conversion 
t, 
BUSY Delay 
75 
125 
ns 


From Start of Conversion 
-- 
1300 
1440 
t. 
BUSY LOW 
ns 
-- 
90 
Is 
BUSY Delay After 
ns 


End of Conversion 


Is 
Aperture 
Delay 
20 
ns 


t, 
Conversion 
Time 
1285 
1400 
ns 


Is 
Acquisition 
Time 
200 
250 
ns 


t, & Is 
Throughput 
Time 
1485 
1650 
ns 


Is 
Bus Relinquish 
Time 
10 
55 
83 
ns 


I" 
BUSY Delay 
20 
65 
100 
ns 


After Dala Valid 


I" 
RIG to CS 
10 
ns 
Setup 
Time 


t" 
Time Between 
1660 
ns 


Conversions 


t" 
Bus Access 
Time 
10 
30 
62 
ns 
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The ADS7831 can be trimmed in hardware or software. The 
offset should be trimmed 
before the gain since the offset 
directly affects the gain. 


Hardware 
Calibration 
To calibrate the offset and gain of the ADS7831, 
install the 
proper resistors and potentiometers 
as shown in Figure 4a. 
The calibration 
range is ±12mV for the offset and ±30mV 
for full scale. 


Potentiometer 
PI and resistor 
R, form 
the offset 
adjust 
circuit and P2 and R2 the gain adjust circuit. The exact values 
are not critical. R, and R, should not be made any larger than 
the value 
shown. 
They 
can easily 
be made 
smaller 
to 
provide increased adjustment 
range. Reducing these below 
15% of the indicated values could begin to adversely affect 
the operation 
of the converter. 


P and P can also be made larger to reduce power dissipa- 
ti~n. Ho~ever, 
larger resistances will push the useful adjust- 
ment range to the edges of the potentiometer. 
P, should 
probably not exceed 20kn 
and P2 lOOkn in order to main- 
tain reasonable sensitivity. 


Software 
Calibration 
or No Calibration 
The ADS7831 
does not require 
external 
resistors 
for its 
basic operation. 
However, the component 
is designed to be 
used with an external 
50n 
resistor 
on the input, and the 
specifications 
apply to this condition. 
If this resistor is not 
used, the only specification 
that will be affected 
is total 
2 


unadjusted 
error. 


With the 50n 
resistor, 
the nominal 
input voltage range is 


±2.5V 
and the total unadjusted 
error is ±lOLSBs 
guaran- 
teed. Without 
the 50n 
resistor, the nominal 
input voltage 
range will be ±2.46V 
and the total unadjusted 
error is not 
guaranteed. 
While it will typically 
be much less, the total 
unadjusted 
error could be as high as ±20LSBs. 


-II-I" -I}-I" 
-II-I" 
-j i-t" 
RlcITm 
JIIIIIIIIIIU 


1 
1\\\\\\\\\\ 


t, 
( 
- I-I,; 


Acquire 
IX 
Convert 
X 
AcqUire 


t, 
I, 
.. 
I 


DATA 
Hi-Z State 
X 
Data validX 
HI Z State 
BUS --------------------tl-3~· 
_t"~ 


son 


V,N 
V,N 


+SV 


AGNDI 


P'l 
SkU 
+SV 
REF 
-"i 
P, 
CAP 
SkU 


AGND2 
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REF (pin 3) is the output for the internal 2.5V reference. A 
O.l).lF capacitor should be connected as close to the REF pin 
as possible. The capacitor and the output resistance of REF 
create a low pass filter to band limit noise on the reference. 
Using a smaller value capacitor will introduce more noise to 
the reference degrading 
the SNR and SINAD. The REF pin 
should not be used to drive external AC or DC loads. 


CAP 


CAP (pin 4) is the output of the internal reference buffer. A 
1O).lFcapacitor 
should be placed 
as close to the CAP as 
possible 
to provide 
optimum 
switching 
currents 
for the 
CDAC throughout 
the conversion 
cycle and compensation 


for the output of the buffer. Using a capacitor 
any smaller 
than 2.2).lF can cause the output buffer to oscillate and may 
not have sufficient 
charge for the CDAC. Capacitor 
values 
larger than 10).lFwill have little effect on improving perfor- 
mance. The voltage on the CAP pin is approximately 
2V 
when using the internal reference, 
or 80% of an externally 
supplied reference. 


POWER 


The ADS783I 
uses the majority of its power for analog and 
static circuitry 
and it should be considered 
as an analog 
component. 
For optimum 
performance, 
tie the analog and 
digital +5V power pins to the same +5V power supply and 
tie the analog and digital grounds together. 


For best performance, 
the ±5V supplies 
can be produced 
from whatever 
analog 
supply 
is used for the rest of the 
analog signal conditioning. 
If ± 12V or ± I5V supplies 
are 
present, simple regulators 
can be used. The +5V power for 


the AID 
should 
be separate 
from the +5V used for the 
system's 
digital logic. Connecting 
V DIG (pin 27) directly to 
a digital 
supply can reduce converter 
performance 
due to 
switching 
noise from the digital logic. 


Although it is not suggested, if the digital supply must be used to 
power the converter, be sure to properly filter the supply. Either 
using a fJ.ltereddigital supply or a regulated analog supply, both 
VDIG and VANA should be tied to the same +5V source. 


~pm U) IS the digital supply ground. AGND2 (pin 5) is the 
analog supply ground. AGNDI 
(pin 2) is the ground which 
all 
analog 
signals 
internal 
to the 
AID 
are 
referenced. 
AGNDI 
is more 
susceptible 
to current 
induced 
voltage 


drops and must have the path of least resistance 
back to the 
power supply. 


All the ground 
pins 
of the ADS 
should 
be tied to the 
analog ground 
plane, separated 
from the system's 
digital 


logic 
ground, 
to achieve 
optimum 
performance. 
Both 
analog 
and digital 
ground 
planes 
should 
be tied to the 
"system" 
ground as near to the power supplies 
as possible. 
This 
helps 
to prevent 
dynamic 
digital 
ground 
currents 
from modulating 
the analog 
ground 
through 
a common 
impedance 
to power ground. 


SIGNAL 
CONDITIONING 


The PET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
PET switch on the ADS7831, compared to PET switches on 
other 
CMOS 
AID 
converters, 
releases 
5%-10% 
of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. 
The end result is a minimal 
requirement 
for the op amp on the front end. Any op amp 
sufficient for the signal in an application 
will be sufficient to 
the drive the ADS7831. 


The resistive 
front end of the ADS7831 
also provides 
a 
guaranteed ±25V over voltage protection. In most cases, this 
eliminates 
the need for external input protection 
circuitry. 


INTERMEDIATE 
LATCHES 


The ADS7831 
does have tri-state 
outputs 
for the parallel 


port, but intermediate 
latches should be used if the bus will 


be active during conversions. 
If the bus is not active during 
conversions, 
the tri-state outputs can be used to isolate the 
AID from other peripherals 
on the same bus. 


Intermediate 
latches are beneficial 
on any monolithic 
AID 
converter. The ADS7831 has an internal LSB size of61011V. 
Transients 
from fast switching 
signals on the parallel port, 
even when the AID is tri-stated, can be coupled through the 
substrate 
to the analog 
circuitry 
causing 
degradation 
of 
converter 
performance. 
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10-Channel, 
12-Bit 
DATA ACQUISITION 
SYSTEM 


FEATURES 


.3 
SIMULTANEOUS 
SAMPLED 
CHANNELS 


.3 
SYNCHRONIZED 
12-BIT ADCs 


• 
6.6J.lSTHROUGHPUT 
RATE 


• 
FULLY DIFFERENTIAL 
MUX INPUTS 


• 
DIGITALLY 
SELECTABLE 
INPUT RANGES 


• 
±5V POWER SUPPLIES 


• 
SERIAL 
DIGITAL 
INPUT/OUTPUTS 


.2 
SIMULTANEOUS 
SAMPLED 
AUXILIARY 


CHANNELS 


• 
DIRECT 
INTERFACE 
TO MOTOROLA'S 
DSP5600417 


The ADS7833 
consists of three 12-bit analog-to-digi- 


tal converters 
preceded by three simultaneously 
oper- 
ating sample-hold 
amplifiers, 
and multiplexers 
for 10 


differential 
inputs. The ADCs have simultaneous 
se- 


rial outputs 
for high 
speed 
data 
transfer 
and data 


processing. 


The ADS7833 also offers a programmable 
gain ampli- 
fier with programmable 
gains of l.OVN, 
1.25VN, 


2.5VN, 
and 5.0VN. 
Channel 
selection and gain se- 


lection are selectable 
through the serial input control 


word. 
The high through 
put rate is maintained 
by 
simultaneously 
clocking 
in the 13-bit input control 


word for the next conversion while the present conver- 
sions are clocked out. 


The part also contains an 8-bit digital-to-analog 
con- 
verter whose digital input is supplied 
as part of the 
input control word. 


APPLICATIONS 


• 
AC MOTOR 
SPEED CONTROLS 


• 
THREE 
PHASE 
POWER 
CONTROL 


• 
UNINTERRUPTABLE 
POWER 
SUPPLIES 


• 
VIBRATION 
ANALYSIS 


• 
PC DATA ACQUISITION 


• 
MEDICAL 
INSTRUMENTATION 


BURR - BROWN" 
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Clock 


Convert 


Busy 
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SPECIFICATIONS 


ADS7833N 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bit 


ANALOG 
INPUT 
Full Scale Voltage, Differential 
G :1.0VN 
±2.5 
V 
G: 
1.25VN 


- 


±2.0 
V 
G = 2.5VN 


n 


±1.0 
V 
G: 
5.0VN 
±D.5 
V 
Common-Mode 
Voltage 
±0.5 
See Table VII 
V 
Impedance 
1012 
n 
Capacitance 
20 
pF 


THROUGHPUT 
SPEED 
Conversion 
Time 
ClK: 
2.1MHz 
6.1 
~s 
Complete Cycle 
Acquire and Convert 
6.6 
~s 
Throughput 
Rate 
150 
200 
kHz 


SAMPLING 
DYNAMICS 
SlH Droop Rate 
0.1 
~VlIlS 
SlH Acquisition 
Time 
0.5 
. 
~s 
StH Aperture 
Delay 
, 
50 
ns 
SlH Aperture Jitter 
50 
ps 
Sampling Skew, Channel-la-Channel 
3 
ns 


DC ACCURACY 
Integral Linearity - Synchronous 
±D.5 
±2 
lSB 
Differential 
Linearity· 
Synchronous 
±D.5 
lSB 
No Missing Codes 
12 
Bits 
Integral Linearity - Asynchronous 
0.5 
±3 
lSB 
Differential Linearity - Asynchronous 
0.5 
±3 
lSB 
Full Scale Error 
G .1.0VN 
2 
%of 
FSR 
Full Scale Error Other Gains 
4 
%of 
FSR 
Full Scale Error Drift 
G: 
1.0VN 
±10 
±loo 
ppml"C 
G.2.5VN 
±10 
±loo 
ppml"C 
Zero Error - Synchronous 
G = 1.0VN 
±D.5 
±15 
lSB 
Zero Error - Asynchronous 
±D.5 
±20 
lSB 
Zero Error Drift 
G.l.0VN 
±D.5 
ppml"C 


AC ACCURACY 
Total Harmonic 
Distortion 


fiN = 1kHz 
92 
dB 


fIN = 1MHz 
72 
dB 
CMR 
VOM - 
1V, fOM 
• 
lMHz 
40 
dB 


REFERENCE 
Internal Reference 
Voltage 
2.5 
V 
Internal Reference 
Accuracy 
±D.25 
% 


Internal Reference 
Drift 
±10 
ppmrC 
Internal Reference Source Current 
10 
~A 
External Reference 
Voltage Range 
2.25 
2.5 
2.75 
V 
for Specified Linearity 
External Reference 
Current Drain 
10 
~A 


DIGITAL 
INPUTS 
Logic Levels 


V'L 
0 
1.5 
V 
V,H 
+3.5 
+5 
V 
III 
±10 
~ 
I'H 
±10 
~ 
Input Capacitance 
At All Digital Input Pins 
15 
pF 


DIGITAL 
OUTPUTS 


Data Format 
12-Bit Serial 


Data Coding 
BTC 
VOl 
'SINK'" 
1.6mA 
0 
0.4 
V 
VQH 
ISoURCE- 500~ 
4.2 
5 
V 
Leakage Current 
±5 
~ 
Output Capacitance 
At All Digital Output Pirs 
15 
pF 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsiblUty10r inaccuracies or omissions. BURR·BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CONT) 


POWER SUPPLIES 


V••••• 


V""A- 
VOIO+ 


VOl~ 
I••••• 


IANA- 


101G+ 


101G- 


Power 
Dissipation 


TEMPERATURE 
RANGE 


Specified 
Performance 


Derated 
Performance 
Storage 


ADS7833N 


MIN 
TYP 
MAX 


+4.75 
+5.0 
+5.25 


-4.75 
-5.0 
-5.25 
+4.75 
+5.0 
+5.25 


-4.75 
-5.0 
-5.25 


15 
25 


8 
10 
3 
5 


1 
2 


125 


-40 
+85 


-55 
+125 


-55 
+150 


ADS7833N 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
,'. 
8-Bits 


Output Range 
0 
+2.5 
V 
Output Settling Time 
To 0.5lSB 
1 
~s 


Linearity Error 
±1 
lSB 


Differential 
Linearity 
±1 
lSB 
Output Current 
200 
Offset Error 
±1 
10 
mV 


Full Scale Error 
2 
% 


Analog Input Voltage 
±25V 
Ground Voltage Difference: AGND and DGND 
±0.3V 
Power Supply Voltages: 
VANA." 
.....•.............•....•.....•.....•.......•..•....•..•..•... 
+7V 
VANA- 
...•..•.•..•..•..•.•• 
. ..... -7V 


VOIG+ 
••••••••••••••••••••••••••••••••••••••• 
•••••••••••• 
+7V 


V01G- . 
••.•.•. ,. -7V 
Digital Inputs 
-o.3V to VOIG +0.3V 


Maximum Junction Temperature. 
. 
+165°C 
Internal Power Dissipation 
. 
825mW 
lead 
Temperature 
(soldering, 
10s) 
. 
. 
+3WC 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


leoNv 
AID Conversion 
Time 
6.6 
4.0 
~s 


ClK 
AiD 
Conversion 
Clock 
2.1 
2.8 
MHz 


t, 
Setup Time for Conversion 
50 
ns 


Before Rising Edge of Clock 


t, 
Hold Time for Conversion 
50 
ns 


After Rising Edge of Clock 


t, 
Setup Time for Serial Out 
25 
ns 


t, 
Setup Time for Serial Input 
30 
ns 


t, 
Hold Time for Serial Input 
30 
ns 


PACKAGE 


68 lead 
PlCC 


NC ,. 


V2.'N 
11 


v2·IP 
12 


NC 
13 


VHN 
14 


VHP 
15 


NC 
16 


V2.3P 
17 


v,.••. 18 


NC ,. 


NC 
20 


NC 
21 


NC 
22 


NC 
23 


NC 
24 


NC 
25 


NC 
25 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix 
C of Burr-Brown 
IC Data Book. 
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NC 


V'.'N 


V,.,P 


NC 


V'.2N 


V,.2P 


NC 


V'.3N 
v,.••. 


NC 


NC 


NC 


NC 


NC 


46 
NC 


45 
NC 


... 
NC 


---- 
--- .._ .. 


1 
V3-4N 
AI 
Voltage Input, Channel 3, Mux lIP 4, 
35 
Soon 
DO 
Serial 
Digital Output, Channel 
1 


Negative 
Side 
36 
ClK 
01 
Clock for AID Converters 


2 
V3-4P 
AI 
Voltage Input, Channel 3, Mux IP 4, 
37 
CONY 
01 
Start AID Converters. 
When CONY goes to 


Positive 
Side 
"0" (low) the next rising edge of ClK 


starts the conversion. 


3 
V3-3N 
AI 
Voltage 
Input, Channel 3, Mux liP 3, 


38 
ASH 
01 
Digital Control 
for Asynchronous 
Sample 
Negative 
Side 
Hold. If signal is "1" (high), signais 


4 
V:>-3P 
AI 
Voltage Input, Channel 3, Mux liP 3, 
are sampled. 


Positive 
Side 
39 
SER,N 
01 
Serial Digital Input for Input Control Word 
5 
V3-2N 
AI 
Voltage Input, Channel 3, Mux liP 2, 
40 
BUSY 
DO 
AiD Converters 
Busy. Busy if signal 
Negative 
Side 
is "0" (low). 
6 
V3-2P 
AI 
Voltage Input, Channel 3, Mux liP 2, 
41 
DClOCK 
DO 
A Delayed 
and Truncated 
Version 
of 
Positive 
Side 
the ClK 
Signals. 
It is Delayed SOns 
7 
NC 
- 
No Connection 
from the ClK 
Signal and Stays low 


8 
V3-1N 
AI 
Voltage 
Input, Channel 3, Mux liP 1, 
after 13 DClOCK 
Cycles. 


Negative 
Side 
42 
NC 
- 
No Connection 
9 
V3-1P 
AI 
Voltage 
Input, Channel 3, Mux liP 1, 
43 
NC 
- 
No Connection 
Positive 
Side 
44 
NC 
- 
No Connection 


10 
NC 
- 
No Connection 
45 
NC 
- 
No Connection 


11 
V2-1N 
AI 
Voltage Input, Channel 2, Mux liP 1, 
46 
NC 
- 
No Connection 
Negative 
Side 
47 
NC 
- 
No Connection 


12 
V2_1P 
AI 
Voltage 
Input, Channel 
2, Mux liP 1, 
48 
NC 
- 
No Connection 


Positive 
Side 
49 
NC 
- .~ 
No Connection 


13 
NC 
- 
No Connection 
50 
NC 
- 
No Connection 


14 
V2-2N 
AI 
Voltage Input, Channel 2, Mux liP 2, 
51 
NC 
- 
No Connection 


Negative 
Side 
52 
Vl-3P 
AI 
Voltage Input, Channel 
1, Mux liP 3, 


Positive 
Side 
15 
V2_2P 
AI 
Voltage Inpu1, Channel 2, Mux liP 2, 
Voltage Input, Channell, 
Mux liP 3, 
Positive 
Side 
53 
V,-3N 
AI 


Negative 
Side 
16 
NC 
- 
No Connection 
54 
NC 
No Connection 
17 
V2-3N 
AI 
Voltage Input, Channel 2, Mux liP 3, 
- 


Negative 
Side. 
55 
Vl_2P 
AI 
Voltage Input, Channell, 
Mux liP 2, 


Positive 
Side 
18 
V2-3P 
AI 
Voltage Input, Channel 2, Mux liP 3, 
56 
Vl_2N 
AI 
Voltage Input, Channell, 
Mux liP 2, 
Positive 
Side 


Negative 
Side 
19 
NC 
- 
No Connection 
57 
NC 
No Connection 
20 
NC 
- 
No Connection 
- 


21 
NC 
- 
No Connection 
58 
V1_1P 
AI 
Voltage Input, Channell, 
Mux liP 1, 


22 
NC 
- 
No Connection 
Positive 
Side 


23 
NC 
- 
No Connection 
59 
V1_1N 
AI 
Voltage Input, Channel 
1, Mux liP 1, 


24 
NC 
- 
No Connection 
Negative 
Side 


25 
NC 
- 
No Connection 
60 
NC 
- 
No Connection 


26 
NC 
- 
No Connection 
61 
NC 
- 
No Connection 
27 
TP1 
- 
Test 
Point 1, Make 
No Connection 
62 
AoUT 
AO 
Output of DAC 
28 
TP2 
- 
Test 
Point 2, Make 
No Connection 
63 
CAP 
AO 
Decoupling 
Point for Internal 
Reference 


29 
V01G• 
P 
Digital Supply Voltage, +5V 
64 
REF1N 
AI 
Input Pin for External 
Reference 
30 
DGND 
P 
Digital Supply Voltage, Ground 
65 
REFGNO 
P 
Ground 
Pin for External 
Reference 


31 
VOIG- 
P 
Digital Supply Voltage, -5V 
66 
VANA- 
P 
Analog Supply Vo~age, -5V 


32 
NC 
- 
No Connection 
67 
AGND 
P 
Analog Supply Vo~age, Ground 


33 
S0UT2 
DO 
Serial 
Digital Output, Channel 2 
66 
V_. 
P 
Analog Supply Voltage, +5V 
34 
SOUT3 
DO 
Serial 
Digital Output, Channel 3 
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TYPICAL PERFORMANCE CURVES 


4).100 
fil 
(J) 
:. 
4).200 


.E' 
m 
4).300 
c 
:::; 
•• 
4).400 
E~ 
~ 
4).500 
o 


0.000 


4).050 


fil 4).100 
(J) 
:. 
4).150 


.~ 
4).200 
":§ 4).250 
••~ 
4).300 


:E 
4).350 


1.4 


1.2 


1.0 


fil 
(J) 
0.8 
:. 


1D 
8 
0.6 


0.4 


0.2 


/ 
/ 
V 
,/ 
/- 


0.9 


0.8 


0.7 
l 
0.6 
" 0.5 
~ 
(J) 
0.4 
~ 0.3 


0.2 


0.1 


--- 


r--..... 


-............ 


............•.. 


....•... -......... 


•.•.....••..... 


25 


Temperature 
(OC) 


25 


Temperature 
(0G) 


--- 
..,/ 


./ - 
-/ 


"- 
"" 
~ 
-.........-- ~ 


-40 
-25 
25 
70 
85 


Temperature 
(OC) 


fil 
~ 
0.30 
f 
0.25 


:::; 0.20 
•• 
'E 
0.15 
~" 0.10 
'E0 


0.05 


--- 
-- 


i---" 


.•....•....••- 
4).400 


4).450 
-55 
-40 
-25 
25 


Temperature 
(OC) 


0.45 


0.40 


fil 0.35 
(J) 
:. 
0.30 


"'" 
';ij 
0.25 
" 
:5 
0.20 
••C, 0.15 
~ 0.10 


0.05 


o 


-55 
-40 
-25 


...•.....•.. 


•.•.....••..... 


--. .....••... --- 


25 


Temperature 
(OC) 
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TYPICAL PERFORMANCE CURVES (CONT) 


/ 
-- 
/ 
/ 
- 
~ 
-- 


_ 
2.5 


'Ei 2.0 
81.5 
~ 
o 
1.0 


o 


-0.05 


-0.10 
l 
-0.15 


~ 
-0.20 


Ii 


I 
...••.- - ~ - 


••..•.•. 


......•.• 


" 


-0.25 
u.. 
() 
-0.30 
«0 


-0.35 


-0.40 


-0.45 


-55 
-40 
-25 
25 


Temperature 
(0G) 


NC 
10 


V2_1N 
11 


V2_1P 
12 


NC 
13 


V2_2N 


V2_2P 


NC 


V'_lN-IN- 


V,_lP-IN+ 


NC 
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FUNCTIONAL DESCRIPTION 


(See Figure 1) 


ADCs AND PGAs 


The ADS7833 
contains 
three signal channels 
each with a 
12-bit analog-to-digital 
converter output. The ADCs operate 


synchronously 
and their serial outputs occur simultaneously. 
(Table 
VI gives 
the analog 
input/digital 
output 
relation- 


ships). 
The 
ADCs 
are preceded 
by programmable 
gain 
amplifiers. 
(Table 
II gives 
gain 
select 
information). 
For 
channels one and two, the PGAs are effective 
for all three 


analog inputs. For the third channel, only the V3-\ input is 
gain changed 
by the PGA. Inputs V3-2' V3.3, and V3-4 are 
connected to ADC3 at a fixed gain of IVN regardless of the 
Gain Select value. 


~~~ 
"=2 


I I 
ReI Cony 


ASH 
eLK 


CONV 


BUSY 


OCLOCK 


SAMPLE 
HOLDS 


The ADS7833 
contains 
seven sample holds. Five of them 


(SH\ through 
SHs) sample 
simultaneously 
and have their 


sample/hold 
timing internally 
synchronized. 
(The timing is 
shown in Figure 2). 


Three of the sample holds (SH\, 
SH3 and SHs) are con- 
nected 
to the input multiplexers 
so that they can provide 


simultaneous 
sampling 
for all of their channels 
inputs. In 


addition, SH2 and SH4 simultaneously 
sample the third input 


of their channels (V\_3and V2-3' respectively). 
This is useful 
in motor control 
applications 
where V 1-2and VI_3are the 
quadrature 
inputs 
for one position 
sensor, 
and V2_2 and 


V2-3are the quadrature 
inputs for a second position sensor 


(see Figure 6). In that application, 
it is desirable 
to sample 


the quadrature 
inputs of a given position sensor at the same 


time (even though they are converted on successive conver- 
sion cycles) (see Table III), so that their values are captured 
at the same shaft position. 


The ADS7833 
also has the capability 
for limited asynchro- 


nous sampling. The sampling of SH6 and SH7 is controlled 
asynchronously 
by the control signal ASH (see Table 
III). 


This allows two inputs each on channel I and channel 2 (see 
Table IV) to be sampled asynchronously 
from the timing of 
the other sample holds. This can be useful in motor control 
applications 
where the two inputs for each channel 
come 


from a position sensor and it is desired to sample based on 
position sensor timing rather than system clock timing. 
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used to select the desired 
analog 
inputs 
and connect 
the 
proper 
sample hold outputs 
to the PGAs and ADCs. The 
MUXs 
are driven 
by a decoder 
which receives 
its inputs 
from the Input Setup Register. (See Table III and Table IV 
for information 
on input channel selection). The input mul- 
tiplexers can take full differential 
input signals (see Figure 3 
and Table VII). The analog signals stay differential 
through 
the sample holds and the PGAs all the way to the inputs of 
the ADSs. This is done to provide 
the best possible 
high 
frequency 
noise rejection. 


INPUT SETUP 


As the ADCs 
are converting 
and transmitted 
their serial 


digital data for one conversion 
cycle, a setup word is being 
received to be used for the next conversion cycle. The 13-bit 
word is supplied 
at the SER1N pin (see Figure 
1), and is 
stored in the buffered Input Setup Register. The Input Select 
and Gain 
Select 
portions 
of the word 
are decoded 
and 
determine the state of the multiplexers 
and PGAs (see CON- 
FIGURABLE 
PARAMETERS 
section). 


DIGITAL- TO-ANALOG 
CONVERTER 


An 8-bit DAC provides 256 output voltage levels from OV 
to 2.5V (see Table V for input/output 
relationships). 
The 
DAC is controlled 
by the DAC Input portion of the input 
setup word. The DAC Input portion of the word is strobed 
into the DAC at the end of the conversion 
cycle (14th CLK 
pulse in Figure 2). 


VOLTAGE 
REFERENCE 


The ADS7833 
contains an internal 2.5V voltage reference. 
It is available externally 
through an output buffer amplifier. 


If it is desired 
to use an external 
reference, 
one may be 


CLOCK 
AND 


CONTROL 
SIGNALSll) 


Clock Pulse 
;~e~=)(~). 
\_,'_\ 


OTHER 
DIGITAL 
INPUTS AND OUTPUTS 


Sampling 
and conversion 
is controlled 
by the CONY input 
(see Figure 2). The ADS7833 
is designed to operate from an 
external 
clock supplied 
at the CLK input. This allows the 
conversion 
to be done synchronously 
with system timing so 
that transient 
noise 
effects 
can be minimized. 
The CLK 
signal may run continuously 
or may be supplied only during 
convert 
sequences. 
The BUSY and DCLOCK 
signals are 
internally generated and are supplied to make interfaces with 
microprocessors 
easier (see Figures 2, 4, and 6). 


Configurable 
parameters 
are: 


• PGA Gain 
• Input multiplexer 
and sample/hold 
selection 


• DAC output voltage 


Configuration 
information 
for these parameters 
is contained 
in the SER1N word (See Figure 
2). As one conversion 
is 
taking place, the configuration 
for the next conversion 
is 
being loaded into the buffered Input Setup Register via the 
SERIN 
word. Table 
I shows 
information 
regarding 
these 
parameters. 


CLOCK 
POSITIONS<') 
DESCRIPnON 
FUNcnONS 


2-9 
DAC Inpulo-, 
Sets DAC Output Voltage 


10-11 
Gain 
Seleclo_1 
Sets PGA Gains 


12-14 
Input 
Selecto-2 
Determines 
Multiplexers 
Conditions 


NOTE: (1) See Figure 2. 'Clock 
Pulse Referenoe No: 


'-- 
'--- 


A-to-D 


CONVERTER 
OUTPUT_S 
_ 


SERIAL 
OUT, 
, 
_ 
::======:MSB 
LSB 
_ 


SEAlAL0UT2 
• 
------- 


MSB 
LSB 


SERIALOUT3 
======= 
::==============:: 
MSB 
Lse 
-~- 
Is 
~o 
~1 
~2 
~3 
~4 
~5 
~6 
~7 
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< Heruft 
gam ISaerermmea 
oy me Uam ~elect portion (bits 
8 and 9) in the SERIN word (see Figure 2). There is one gain 
input that sets the same gain for all three PGAs. The gain 
values and allowable full scale inputs are shown in Table II. 


For channels one and two the PGAs set the gain for all three 
analog inputs. For the third channel, only the V3_1input is 
gain changed 
by the PGA. Inputs V3-2' V3-3 and V3-4 are 


connected to ADC3 at a fixed gain of IVN regardless of the 
Gain Select value. 


GAIN 
GAIN 
FULL SCALE 
SELECTo-, 
SETTING 
INPUT 


°H 
5.0VN 
±0.5V 
1H 
2.5VN 
±1.0V 
2H 
1.25VN 
±2.0V 
3H 
1.0VN 
±2.5V 


INPUT MULTIPLEXER 
AND 
SAMPLE 
HOLD SELECTION 


The Input Select portion of the SERIN word (bits 10, II and 
12) 
(see 
Figure 
2) 
are 
decoded 
and 
determine 
the 
open/closed 
condition 
of the multiplexer 
switches. This in 


turn determines 
which input signals 
are connected 
to the 
sample holds and which sample holds are connected 
to the 


PGAs/ADCs. 


INPUT SIGNALS 
FOR PGAslADCs 


Table III shows the relationships 
between the value of Input 
Selec!c_2 and the signals that are converted. 


INPUT SELECT 0-2 
ANALOG 
SIGNAL 
CONNECTED 
TO 


HEX 
BINARY 
PGA,.IADCx 


CODE 
CODE 
PGA,JADC, 
PGAiADC2 
PGA,IADC2 


°H 
000 
Undefined 
Undefined 
V'-4 
1H 
001 
V,_x via SHall) 
V2_X via SHill 
V,.. 
2H 
010 
V'_3via SH, 
V2_3via SH3 
V3_3 
3H 
011 
Vl-3 via 8Hz 
V2_3 via SH.• 
V3_3 


4H 
100 
Vl_2 
Vz_z 
V3_2 
5H 
101 
Vl_2 
V2_2 
V3-2 
6H 
110 
Vl_2 
V2_2 
V3_2 
7H 
111 
V1., 
V2•1 
V3.1 


NOTE: (1) See Table IV for Operation. 


Input 
Select 
= 7~ynchronously 
sample 
and convert 
input signals VI_I, V2_1, and V3_1. 


Input 
Select = 4H• 5H• 6~ynchronously 
sample 
and 


convert input signals V 1-2'V2-2' and V3-2' These codes also 
cause SH2 and SH4 to sample their inputs. Values 4H, 5H, 6H 
have different 
effects on the inputs to SH6 and SH7 (see 


Table IV). 


ana 
v 3-3 ~V 1-3ana 
v 2-3 are trom the value sampled 
in a 


preceding 
conversion 
cycle with Input Select = 4H, 5H or 


6H)· 


Input 
Select 
= 2H--Convert 
VI_3 via SH" 
V2_3via SH3, 
and V3.3 (VI.3 is sampled on SH2 in this conversion 
cycle). 


Input 
Select 
= 1H-Input 
V3-4 is converted 
by PGAj 


ADC3. The output of the asynchronous 
sample holds, SH6 


and SH7, are converted 
by PGAI/ADCj 
and PGAz/ADCz, 


respectively. 
Note 
that 
the 
inputs 
to S~ 
and 
SH7 
are 


determined 
by previous Input Select values (see Table IV). 
2 


Thus, to properly convert the output of one of the asynchro- 
nous sample holds it is first necessary 
to choose 
its input 
with a previous conversion cycle. Also, the output of S~ 
or 
SH7 will only be converted 
if ASH goes low before 
the 


CONY command 
is received. 


Input Select = 0H-V3-4 
is converted by PGAJADC3. 
The 


inputs to PGA/ADCI 
and PGA2/ADC2 are undefined. 


CONVERSIONS 
FROM THE 
ASYNCHRONOUS 
SAMPLE 
HOLDS 


Decoding 
the Input 
Select 
value 
also determines 
which 


inputs 
are applied 
to the two asynchronously 
controlled 


sample holds SH6 and SH7. (See Table IV.) One of the three 
possible inputs is selected by the Input Select value being 4, 
5, or 6. 


The "No Effect" 
states indicate that these values of Input 


Select have no effect on the multiplexers 
at the input of SH6 


and SH7• When one of the "No Effect" values of Input Select 
is presented, the multiplexers 
will not be changed (i.e., their 


condition 
is determined 
by the last 4, 5, or 6 value of Input 


Select that existed prior to the "No Effect" state). 


Note that Input Select = IH presents the output of SH6 and 
SH7 (lASHx 
and 2ASHx) to PGAI/ADC, 
and PGAz/ADCz, 


respectively 
(see Table III). Therefore, 
in order to properly 


convert the asynchronous 
sampled signals, it is first neces- 
sary to choose an input signal (Input Select equal 5 or 6 in 
Table IV) with one load/convert 
cycle and then convert the 


sample 
hold output 
(Input 
Select = 4 in Table 
III) in a 


following 
conversion 
cycle. 


INPUT SELECT 0-2 


HEX 
BINARY 
ANALOG 
SIGNAL 
CONNECTED 
TO 


CODE 
CODE 
SH, 
SH7 


°H 
000 
No Effect 
No Effect 


IH 
001 
No Effect 
No Effect 


2H 
010 
No Effect 
No Effect 
3H 
011 
No Effect 
No Effect 


4H 
100 
Open 
Open 
5H 
101 
V1•3 
V2_3 


6H 
110 
V1_2 
V,_2 


7H 
111 
No Effect 
No Effect 
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The value of the DAC output voltage is determined 
by the 
DAC Input portion of the SERlN word (bits 0 through 7-see 
Figure 2). The 8-bit DAC has 256 possible output voltages 
from OV to +2.49V. The value of I LSB is O.OO98V. 


ANALOG- TO-DIGITAL 
CONVERTERS 


ARCHITECTURE 


The ADCs are l2-bit, successive approximation 
types imple- 
mented with a switched capacitor 
circuitry. 


SPEED 


The clock for the ADC conversion 
is supplied externally 
at 


the CLK pin. Maximum clock frequency for specified accu- 
racy is 2.1 MHz. This results in a complete conversion 
cycle 
(S/H acquisition 
and AID conversion) 
of 6.61JS. 


INPUT/OUTPUT 


The ADS7833 
is designed 
for bipolar 
input voltages 
and 
uses a binary 
two's 
complement 
digital 
output 
code. 
A 
programmable 
gain function is associated 
with each ADC. 


This changes the full scale analog input range and the analog 
resolution 
of the converter. 
Details are shown in Table VI. 


DIFFERENTIAL 
AND COMMON-MODE 
INPUT VOLTAGES 


The ADS7833 
is designed with full differential 
signal paths 


all the way from the multiplexer 
inputs through to the input 


of the ADCs. 
This 
was 
done 
to provide 
superior 
high 


frequency 
noise rejection. 


DIGITAL 
INPUT 
DAC INPUT •., 
ANALOG 
OUTPUT 


HEX 
BINARY 
CODE 
CODE 


OOH 
00000000 
OV 
01H 
00000001 
.•0.009BV 


FFH 
11111111 
.•2.499 


As is common 
with most differential 
input semiconductor 
devices, there are compound restrictions 
on the combination 
of differential 
and common-mode 
input voltages. This mat- 
ter is made slightly more complicated 
by the fact that most 
of the analog inputs are capable 
of being affected 
by the 
programmable 
gain function. 
The possible 
differential 
and 


single ended configurations 
are shown in Figures 3a and 3b. 


The maximum 
differential 
and common 
mode restrictions 


are shown in Table VII. 


GAIN SELECT CODE 
0 
1 
2 
3 


Gain 
5.0VN 
2.5VN 
1.25VN 
1.0VN 


Full Scale Range 
(Vo with VCM• 0) 
±0.5V 
±1.0V 
±2.0V 
±2.5V 


Largest Positive 
Common Mode 
Voltage, VCM+ 
.•2.7V 
.•2.4V 
.•1.9V 
.•1.6V 


Largest Negative 
Common Mode 
Voltage, VcPr 
-2.7V 
-2.4V 
-1.9V 
-1.6V 


TABLE 
VII. 
Differential 
and 
Common 
Mode 
Voltage 
Restrictions. 


(A) 
V'_l+ 


~VCM 


V'_lP 
~ 
2 


V'_l_ 


~VCM 


V'_lN 
~ 
2 


(B) 
V'_l 


~VCM 


V'_lP 
Vo 
Vo 


V,_1N 


FIGURE 
3. (a) Differential 
Signal Source, 
and (b) Single 


Ended Signal Source. 


DESCRIPTION 
ANALOG 
INPUT 
DIGITAL 
OUTPUT 


GAIN SELECT 
CODE 
0 
1 
2 
3 


GAIN 
5VN 
2.5VN 
1.25VN 
1.0VN 
BINARY TWO'S COMPLIMENT 
FORMAT 


FULL SCALE 
RANGE 
±0.5V 
±1.0V 
±2.0V 
±2.5V 
HEX CODE 
BINARY 
CODE 


.•Full scale (FS -1 LSB) 
.•0.49976 
.•0.9995V 
.•1999V 
.•2.499 
7FFH 
011111111111 


One Bit above Mid-Scale 
.•0.244mV 
.•0.4BBmV 
.•0.976mV 
.•1.22mV 
001H 
000000000001 
Mid-scale 
OV 
OV 
OV 
OV 
OOOH 
OOCOCOOOסס oo 


One Bit Below Mid-Scale 
-Q.244V 
-Q.4BBmV 
-Q.976mV 
-1.22mV 
FFFH 
1111 1111 1111 


-Full 
Scale 
-Q.500V 
-1.COOV 
-2.000V 
-2.500V 
BOOH 
1000 0000 0000 


NOTE: The programmable 
gain function applies to all three input channels for ADC, and ADCz_ However, the programmable 
gain function only applies to the 
first input (V3•,) 
for ADC3. The other three inputs (V3_2• V3-3' and 
V3-4) 
are not affected by the GAIN SEllnput. 
They operate at a fixed gain of lVN 
and thus 


have a fixed ±2.5V full scale input range. 
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MICROPROCESSOR 
INTERFACE 


The internal 
logic of the ADS7833 
is designed 
for easy 


control 
and data interface 
with microprocessors. 
Figure 4 
shows the interface for loading the input control word from 
the microprocessor 
data bus into the serial 
input of the 
ADS7833. 


Table VIII provides 
a sample assembly 
code and Figure 4 
shows the connection 
diagram for connecting 
an ADS7833 


to the DSPS6004N-or 
DSPS6007 
a Motorola 
Digital Sig- 
nal Processor. 
This configuration 
allows for full control of 
the ADS7833 
as well 
as receiving 
all three 
conversion 
results simultaneously. 
The start of conversion 
is generated 
by the DSPS6004 as well as the sample time of the asynchro- 
nous sample/holds. 


SOOO 
S001 


SOl0 


SOl1 


MOSIIHA0 


MISO/NAU 


SCKT 


SCKR 


SCKlSCl 


WST 


WSR 


SS/HA2 
S002 


CONV 


SER'N 


SOUTl 


SOUT2 


SOUT3 


ASH 


ClK 


FIGURE 
4. 
Microprocessor 
Interface 
for 
Motorola 
DSPS6004/7 . 


While this is one of the most useful, 
the DSPS6004/7 
is 
flexible enough to allow various other configurations. 
These 
will free up the serial 
outputs 
for use with other 
serial 
peripherals, 
such as DACs. 


Figure 
5 shows 
an ISO 130 used 
to isolate 
the current 
measurement 
in a motor 
speed 
control 
application. 
This 
amplifier 
is well suited for this application 
because 
of its 
high transient 
immunity 
(10kV/~). 
Its differential 
output 
feature is well suited to the differential input of the ADS7833. 
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Keeping 
the signal transmission 
differential 
helps to pre- 
serve the high frequency 
noise rejection 
of the system. 


A unique characteristic 
of the ISO 130 is that it has a common 
mode output voltage of approximately 
2.39V. To accept this 
level of CMV, the ADS7833 
must be operated at a gain of 
SVN 
(±O.SV full scale differential 
input). (See Figure 3 and 
Table 
VII). 
Since 
the ISOl30 
has a gain of 8VN, 
the 
maximum 
value of VSENSEis 62.SmV. Thus, the value of 
RSENSEis chosen to scale VSENSEto this maximum 
value. 


POWER-UP 
INITIALIZATION 


When power is applied 
to \he ADS7833, 
two conversion 
cycles are required for initialization 
and valid digital data is 
transmitted 
on the third cycle. 


The first conversion after power is applied is performed 
with 
indeterminate 
configuration 
values 
in the double 
buffer 
output of the Input Setup Register. 
The second conversion 
cycle loads the desired 
values 
into the register. 
The third 
conversion 
uses those values to perform proper conversions 
and output valid digital data from each of the ADCs. 


movep 
*">$O,X: Sffe4 


movep 
#>$O,x:$ffel 


movep 
*>$O,x:$fffl 


movep 
#>$dfffOO, 
x: SffeS 


movep 
#>$10lfOO, 
x: SffeG 


movep 
#>$O,x:$ffe7 


movep 
#>$10d, x: SffeD 


movep 
:jj:>$3,x:$ffel 


movep 
#>$2001, 
x: $fffO 


movep 
#>$5, x: SffU 


movep 
#>$f,x:$ffe4 


btst 
#14,x:$ffel 
jcs 
data 
btst 
#15,x:$ffel 
jcc 
wait 


movep 
x:$ffe2,xO 


move 
xO,x:$OO 


movep 
x:$ffe3,xO 


move 
xO,x:$Ol 


x:$fff3,xO 


movep 
xO,x:$02 


Disable 
SAI transmit 
port 
Disable 
SAI receive 
port 
Disable 
SHI port 


Convert 
command 
DAC to midscale, 
G=lV!V, 
Channell 
all 
ADCs 
For 58 pin-enables 
SHI at proper 
time 
Divide 
by I pre, 
divide 
by l3-96kHz 
conv 
@ 40MHz 
Enable SAI recv 
(rsng 
edge, 
MSB1st, 
16-bits, 
slave) 


Set narrow spike 
filter, 
CPOL=O,CPHA=l 
Enable SHI (slave, 
no fifo, 
16-bits) 
Enable SAI trans 
(rsng 
edge, 
MSB1st, 
16-bits, 
rostr) 


Get Sout1 
Save it 
Get Sout2 
Save it 
Get Sout3 
Save it 


BURR - BROWN4lI 
11:11:11 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


V1_1P 
} 
Typical 


V1_1 
Analog 


V1_1N 
Input 


Vl_1CMV=2.5V 
V 1-101FF 
S ±500mV 


VSENSES ±62.5mV 


DC Un'c-----rl 


Vohage o-----V 
ISOl22 


AOS7833 
DSP56004 
alT" 


CLK 
SCKT 


CONV 
SCKR 


Phase 
V1_1 
SCKiSCL 
A 
S000 


ASH 
MISO/HAO 
~nr 


Soun 
SOl0 


Phase 
V2_1 
B 
dlf 


Phase 
V3_1 
C 
SO\fl, 
SOl1 


Vl_2 


Position 


Sensor 


Vl_3 


~, 
MOSVHA0 


V2_2 


Position 


Sensor 


V2_3 
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PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 


WITHOUT NOTICE 


• 
COMPLETE 
HDSL ANALOG 
INTERFACE 


• 
T1 AND E1 OPERATION 


• 
SINGLE 
CHIP SOLUTION 


• 
SECOND 
SOURCED 
BY BROOKTREE 
Bt8921 


• 
2B1Q PULSE GENERATOR 


• 
+5V ONLY, 300mW 
POWER DISSIPATION 


• 
48-PIN SSOP 


• 
-40°C 
TO +85°C OPERATION 


Burr-Brown's 
HDSL 
Analog 
Front End greatly 
re- 
duces the size and cost of an HDSL system by provid- 
ing all of the active analog circuitry needed to connect 
the Brooktree 
Bt8952 HDSL digital signal processor 
to an external compromise 
hybrid and a 1:2 HDSL line 
transformer. 
Functionally, 
this unit is separated 
into a 
transmit 
and a receive 
section. The transmit 
section 
generates, 
filters, 
and buffers 
outgoing 
2B 1Q data. 
The receive 
section 
filters and digitizes 
the symbol 
data received on the telephone line and passes it to the 
Bt8952. The HDSL Analog Interface 
is a monolithic 


device 
fabricated 
on O.6J.1CMOS. 
It operates 
on a 


single +5V supply (using only 300mW). 
It is housed 
in a 48-pin SSOP package. This unit is second sourced 
by Brooktree's 
Bt8921. 


PLLouT 


PLL'N 


TXDATP 


TXDATN 


TXCLK 


14 
: 
Decimation 
Filter 


, 
, 


,------------------------, 


AVVoo 


VAEFP 


VCM 


VAEFN 


AVGND 


ARVaD 


RXUNEP 


Detta-Sigma 
RXuNEN 


Modulator 
RXHyBP 


RXHyBN 


ARGND 
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SPECIFICATIONS 


AFE1103E 


PARAMETER 
COMMENTS 
MIN 
TYP 
MAX 
UNITS 


RECEIVE CHANNEL 
Receive Clock Rate, fR 
48x Symbol Rate 
TBD 
28.032 
MHz 


Tl 
Mode 
18.816 
MHz 


E1 Mode 
28.032 
MHz 


ANALOG 
INPUTS 
Number of Inputs 
Differential 
2 
Line Input 
G = 1 
Hybrid Input 
G .1 


Input Voltage Range 
Balanced 
Differential 
, 
-3.5 
+3.5 
V 
Input Impedance 
All Inputs 
40 
kO 


Input Capacitance 
TBD 
Input Matching 
±2 
% 


Common-Mode 
Voltage 
Vorf2 


AID CONVERTER 


Resolution 
No Missing Codes 
13 
Bits 


Integral Unearity<l) 
13-Bit LSB 
±1 
LSB 
Differential 
Linearity<l) 
13-Bit LSB 
±C.8 
LSB 
Programmable 
Gain 
, 
Four Gains 
Between 
OdS and +9dB 
0 
+9 
dB 
Settling Time for Gain Change 
6 
Symbol 
Periods 


Gain + Offset 
Error 
-40'C 
to +85'C 
, 
5 
%.•FSR{2j 


Output Data Coding 
Offset Binary 
Output Data Rate 
1,.148 
T1 Mode 
392 
kHz 
El Mode 
584 
kHz 
SINAD(31 
70 
dB 


TRANSMIT 
CHANNEL 
Transmit 
Clock Rate, h 
TBD 
584 
kHz 


T1 Mode 
392 
kHz 
El Mode 
584 
kHz 
T1 Transmit 
-3dB 
Point 
Bellcore TA-NWT-3017 
Compliant 
196 
kHz 


T1 Rate Power Spectral 
Density 
c.). See Performance 
Curve 
T1 Average 
Power 
(11,('), 0 to 784kHz, RL = 650 
13 
14 
dBm 
E1 Transmit -3dB 
Point 
ETSI DTRlTM 3017 Compliant 
292 
kHz 
E1 Rate Power Spectral Density 
(4), See Performance 
Curve 
E1 Average 
Power 
(1), ('1, 0 to 1.168MHz, 
At = 650 
13 
14 
dBm 
Output Voltage Range 
Balanced 
Differential, 
RL :: 280 
±3.1 
±3.3 
±3.5 
V 
Output Current 
125 
mA 
Common-Mode 
Voltage 
Vorf2 
Output Impedance 
DC to 1MHz, (1) 
2 
0 


Linearity 
At Output Symbol Peak, 
(5) 
0.012 
%FSR 
Harmonic 
Distortion 
3kHz, 3.4V Peak Sine Wave Output, RL = 280 
~5 
dB 
HDSL 
Transformer 
Ratio 
T1 or El 
Rates 
1:2 
Phase Locked Loop 
Frequency Change Range 
100 
ppm 


DIGITAL 
INTERFACE 
Input Levels 
HCMOS and TIL 
Compatible 
Output Levels 
HCMOS Drive Compatible 
10 
Loads 


RX Interface 
Offset Binary Coding 
tRX1 
Available 
Setup Time 
50 
ns 
tR)(2 
RXD13 - RXDO to RXSYNC Hold TIme 
10 
ns 


Transmit 
Interlace 


1m 
TXCLK Period 
1.7 
TBD 
~s 


tTJ(2 
TXCLK Pulse Width 
50 
ns 
tTx3 
TXCLK to TXDAT Edge Allowable 
Error 
0 
200 
ns 


POWER 
Power Supply Voltage 
Specification 
5 
V 
Power Supply Voltage 
Operating 
Range 
4.75 
5.25 
V 
Power 
Dissipation 
in Operation 
V = +5VDC Tl or El 
Mode, "L • 650, ('1 
300 
mW 
PSRR 
Power Supply Rejec!ion 
65 
dB 


TEMPERATURE 
RANGE 
Operating(1) 
-40 
+85 
'C 


NOTES: (1) Guaranteed 
by design and characterization. 
(2) FSR is Full Scale Range. (3) Signai to Noise plus distortion; production tested with full scale 8kHz and 
250kHz input at 584kHz output data rate. (4) With a pseudo-random 
code sequence of HDSL pulses; 13.5dBm applied to transformer 
(27dBm output tram TXUNEP 
and TXL1NEN). (S) Power output and output linearity guaranteed 
by measuring 
voltage 
levels of each of the four symbol outputs. 
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Ground 


Power 
Input 
Input 
Input 
Output 
Output 
Output 
Output 
Output 
Output 


Ground 
Power 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
NC 
Input 
Input 
Input 
Input 
Power 
Input 
Input 
Input 
Input 
Ground 
Ground 
Output 
Output 
Output 
Power 
Ground 


Output 
Power 
Output 
Ground 
NC 
NC 
NC 
NC 
Output 
Input 


NAME 


APGND 
APVoo 
TXCLK 
TXDATN 
TXDATP 
RXDO 
RXD1 
RXD2 
RXD3 
RXD4 
RXD5 
DGND 
DVoo 
RXD6 
RXD7 
RXD8 
RXD9 
RXD10 
RXD11 
RXD12 
RXD13 
NC 
RXSYNC 
RXGAINO 
RXGAIN1 
RXLOOP 
ARVoo 
Rl4w.N 


Rx"veP 
RXuNEN 


RXLINEP 
ARGND 
AVGND 


VAEFP 
VOM 


VREFN 
AVVoo 
ABGND 


TXuNEN 
ABVoo 
TXUNEP 
ABGND 
NC 
NC 
NC 
NC 
PLlour 


PLL,N 


Analog Ground for PLL 
Analog Supply (+5V) for PLL 
Symbol Clock (QCLK from Bt8952) (392kHz for T1, 584kHz for E1) 
XMITB Un. 
from Bt8952 
XMIT Line from Bt8952 
ADC Output Bit-O (RCV 2 trom Bt8952) 
ADC Output Bit-1 (RCV 3 from Bt8952) 
ADC Output Bit-2 (RCV 4 from Bt8952) 
ADC Output Bit-3 (RCV 5 from Bt8952) 
ADC Output Bit-4 (RCV 6 from Bt8952) 
ADC Output Bit-5 (RCV 7 from Bt8952) 
Digital Ground 
Digital Supply (+3.3V to +5V) 
ADC Output Bit-6 (RCV 8 from Bt8952) 
ADC Output Bit-7 (RCV 9 trom Bt8952) 
ADC Output Bit-8 (RCV 10 from Bt8952) 
ADC Output Bit-9 (RCV 11 from Bt8952) 
ADC Output Bit-10 (RCV 12 from Bt8952) 
ADC Output Bit-11 (RCV 13 from Bt8952) 
ADC Output Bit-12 (RCV 14 from Bt8952) 
ADC Output Bit-13 (RCV 15 from Bt8952) 


Connection 
to Ground 
recommended 
ADC Sync Signal (RCVCLK from Bt8952) (392kHz for n, 584kHz for E1) 
Receive 
Gain Control 
Bit-O 
Receive 
Gain Control 
Bit-1 
Loopback Control Signal (Ioopback is enabled by positive signal) 
Analog Supply (+5V) 
Negative 
Input from Hybrid Network 
Positive 
Input from Hybrid Network. 


Negative 
Line Input 
Positive 
Line Input 
Analog 
Ground 
Analog Ground 
Positive 
Reference 
Output 
Common-Mode 
Vo~age (buffered) 


Negative 
Reference 
Output 
Analog Supply (+5V) 
Analog 
Ground 
Negative 
Line Output 
Output Buffer Supply (+5V) 
Positive 
Line Output 
Output 
Buffer Ground 
Connection 
to Ground 
Recommended 
Connection 
to Ground 
Recommended 


Connection 
to Ground 
Recommended 
Connection 
to Ground 
Recommended 
PLL Filter Output 
PLL Fi~er Input 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change 
without 
notice. 
No patent 
rights or licenses 
to any of the circuits described 
herein 
are implied 
or granted 
to any third party. BURR-BROWN 
does 
not 


authorize 
or warrant 
any BURR-BROWN 
product for use in life support 
devices 
and/or 
systems. 
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Top View 


APGND 
48 
PLL'N 


APVoo 
PLlouT 


TXCLK 
NC 


TXDATN 
NC 


TXDATP 
NC 


RXDO 
NC 


RXDI 
ABGND 


RXD2 
TXUNEP 


RXD3 
ABVoo 


RXD4 
TXUNEN 


RXD5 
ABGND 


DGND 
AVVOD 


AFEll03E 
DVOD 
VREFN 


RXD6 
VCM 


RXD7 
VREFP 


RXDa 
AVGND 


RXD9 
ARGND 


RXD10 
RXlINEP 


RXDll 
RXUNEN 


RXD12 
RHyBP 


RXD13 
RXHyBN 


NC 
ARVoo 


RXSYNC 
RXLOOP 


RXGAINO 
24 
25 
RXGAINI 


Power Supply Vottage 
. 
Differential Input Voltage 
.. 
Output Short Circuit to ground (+25·C) ... 
Junction Temperature 
(TJ) . 


Storage 
Temperature 
Range 
Lead Temperature 
(soldering, 3s) 


.................................. 
TBDV 
......... TBD V 


. 
Continuous 
+150·C 
... -40·C 
to +125·C 
+260"C 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER<'j 
RANGE 


AFEll03E 
48-Pin Plastic SSOP 
333 
-40°C 
to +85°C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 


and installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
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-120dBMlHz 
forE1 
/ 


lOOK 


Frequency (Hz) 


O.4T 0.4T 


B.l.07-Ll' 
C=1.00- 
D.0.93- 


A=O.Ol 


F 
-<J.01 
I 
I 


1.2T 


-<J.6T 
0.5T 


// 
I H - -<J.05 


14T 


NORMALIZED 
QUATERNARY 
SYMBOLS 


LEVEL 
+3 
+1 
-1 
-3 


A 
0.01 
0.0264 
0.0088 
-<J.0088 
-<J.0264 
B 
1.07 
2.8248 
0.9416 
-<J.9416 
-2.8248 
C 
1.00 
2.6400 
0.8800 
-<J.8800 
-2.6400 
D 
0.93 
2.4552 
0.8184 
-<J.8184 
-2.4552 
E 
0.03 
0.0792 
0.0264 
-<J.0264 
-<J.0792 
F 
-<J.Ol 
-<J.0264 
-<J.0088 
0.0088 
0.0264 
G 
-<J.16 
-<J.4224 
-<J.1408 
0.1408 
0.4224 


H 
-<J.05 
-<J.1320 
-<J.0440 
0.0440 
0.1320 


BURR-BROWNe 
IE:lE:lI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


For Immediate Assistance, Contact YourLocal Salesperson 


THEORY OF OPERATION 
RXLOOP 
INPUT 


The transmit channel consists of a switched-capacitor 
pulse 
forming network followed by a differential 
line driver. The 
pulse forming network receives symbol data from the XMIT 
and XMITB outputs of the Bt8952 and generates 
a 2BIQ 
output 
waveform. 
The output 
meets 
the pulse 
mask 
and 
power 
spectral 
density 
requirements 
defmed 
in European 
Telecommunications 
Standards 
Institute 
document 
RTR/ 
TM-03036 
for EI mode and in sections 6.2.1 and 6.2.2.1 of 
Bellcore technical advisory TA-NWT-OOI21O for Tl mode. 
The differential 
line driver uses a composite 
output stage 
combining 
class B operation 
(for high efficiency 
driving 
large signals) with class AB operation 
(to minimize 
cross- 
over distortion). 
In addition to providing 
a low-impedance 
output, the line driver will also provide a smoothing 
filter 
function 
for the switched-capacitor 
pulse 
former 
output. 


This device operates 
at both T I and E I rates. 


The receive channel is designed around a fourth-order 
delta 
sigma 
AID converter. 
It includes 
a difference 
amplifier 
designed to be used with an external compromise 
hybrid for 
first order analog crosstalk reduction. A programmable 
gain 
amplifier 
with gains of OdB to +9dB is also included. The 
delta sigma modulator operating at a 24X oversampling 
ratio 
produces 
13 bits of resolution with ±1LSB integral linearity 
at output rates up to 584kHz. 
The basic operation 
of the 
AFEII03 
is illustrated 
in Figure 
I shown below. 


The receive channel operates by summing the two differen- 
tial inputs, one from the line (RXUNE) and the other from the 
compromise 
hybrid 
(RXHYB).The connection 
of these two 
inputs so that the hybird signal is subtracted 
from the line 
signal 
is described 
in the paragraph 
below 
titled 
"Echo 
Cancellation 
in the AFE". The equivalent gain for each input 
in the difference 
amp is I. The resulting signal then passes 
to a programmable 
gain amplifier which can be set for gains 
of OdB through 
9dB. The ADC converts 
the signal to a 
14-bit digital word, RXDI3-RXDO. 


RXLOOP is the loopback control signal. When enabled, the 
RXUNEP and RXUNEN inputs 
are disconnected 
from the 
APE. The RXHYBP and RXHYBN inputs remain connected. 
Loopback 
is enabled by applying a positive signal (Logic I) 
to RXLOOP. 


ECHO CANCELLATION 
IN THE AFE 


The RXHYB input is designed 
to be subtracted 
from the 
RXUNE input for fITst order echo cancellation. 
To accom- 


plish this, note that the RXUNE input is connected 
to the 
same polarity signal at the transformer 
(positive to positive 
and negative 
to negative) 
while the RXHYB input is con- 
nected to opposite polarity through the compromise 
hybrid 
(negative 
to positive and positive to negative) 
as shown in 
Figure 2. 


The data from the receive channel AID converter is coded in 
offset binary. 


ANALOG 
INPUT 


Positive 
Full scale 
Negative Full 8cale 


OUTPUT CODE (RXD13 - RXOO) 


11111111111111 
000000סס ooסס oo 


RECEIVE 
CHANNEL 
PROGRAMMABLE 
GAIN AMPLIFIER 


The gain of the amplifier at the input of the Receive Channel 
is set by two gain control pins, RXGAINI 
and RXGAINO. 
The resulting gain between OdB and +9dB is shown below. 


RXGAIN1 
RXGAINO 
GAIN 


0 
0 
OdB 


0 
1 
JdB 


1 
0 
6dB 


1 
1 
9dB 
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BI8952 
XMIT 


XMITB 


aClK 


RCVClK 


TXDATP 


TXDATN 


TXClK 


RXSYNC 


RXlOOP 


RXGAINl 


RXGAINO 


RXD13· RXDO 


AGAINl 


AGAINO 


RCV15· RCV2 


APGND 


DGND 


ABGND 


ABGND 


ARGND 


AVGND 


RXHYB AND RXL1NE INPUT ANTI-ALIASING 
FILTERS 


The -3dB 
frequency 
of the input anti-aliasing 
filter for the 
RXUNE 
and 
RXHYB 
differential 
inputs 
should 
be about 


IMHz. Suggested 
values for the filter are 500n 
for each of 
the two input resistors and 150pF for the capacitor. Together 
the two 500n 
resistors and the 150pF capacitor 
result in a 
3dB frequency of just over IMHz. The 500n 
input resistors 
will result in a minimal voltage divider loss with the input 
impedance 
of the APE 1103. 


RXHYB AND RXLlNE INPUT BIAS VOLTAGE 


The transmitter 
output 
on the TXUNE 
pins is centered 
at 
midscale. 
2.5V. Therefore. 
the RXUNE 
input signal is cen- 
tered at 2.5V in the circuit shown in Figure 2 above. 


Inside 
the APElI03. 
the RXHYB 
and RXUNE 
signals 
are 
subtracted 
as described 
in the paragraph 
on echo cancella- 
tion above. This means that the RXHYB 
inputs need to be 
centered 
at 2.5V just as the RXUNE 
signal is centered 
at 


2.5V. VCM (Pin 35) is a 2.5V voltage source. The external 
compromise 
hybrid must be designed so that the signal into 


the RHYB 
inputs 
is centered 
at 2.5V. If the compromise 


hybrid 
circuit 
is AC 
coupled 
to the 
RXHYB 
inputs. 
an 
external pull-up resistor to VCM may be needed to center the 
input at 2.5V. 


If VCM pull-up resistors are used. we recommend 
resistors in 
the range of lOOkn so that the pull-up resistors have a small 
effect on the rest of the circuit and a small current is used 
from VCM' 
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I 


l 


_tTXl/48 
---~XI 
~t 
----1--- 
-- 


-.----- 
25tTX1/48 


NOTES: 
(1) Any transmit 
sequence 
not shown will result in a zero symbol. 
(2) All transitions 
are specified 
relative to the 
leading edge of TXCLK. (3) Maximum allowable error for any edge is ±tTXlI96 
(±tTXlI96 
= ±17.8ns at El rate; ±26.6ns at Tl rate). 


(4) RXSYNC can shift to one of 16 discrete delay times from the leading edge of TXCLK. (5) RXDATA is valid within 15ns of the 
specified 
transition time. 
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BURR 
- BROWN® 
IElElI 


PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


• 
COMPLETE 
HDSL ANALOG 
INTERFACE 


• 
T1 AND E1 OPERATION 


• 
SINGLE CHIP SOLUTION 


.2810 
PULSE GENERATOR 


• 
+5V ONLY 


• 
300mW POWER DISSIPATION 


• 
48-PIN SSOP 


• 
-40°C 
TO +85°C OPERATION 


PLlouT 


PLL'N 


TXDATP 


TXDATN 


TXCLK 


RXSYNC 


RXCLK 


RXLOOP 


RXGAIN 


Burr-Brown's 
HDSL 
Analog 
Front End greatly 
re- 
duces the size and cost of an HDSL system by provid- 
ing all of the active analog circuitry needed to connect 
PairGain Technologies 
SPAROW 
HDSL digital sig- 
nal processor to an external compromise 
hybrid and a 
1:2 HDSL line transformer. 
Functionally, 
this unit is 


separated 
into a transmit 
and a receive 
section. The 
transmit section generates, 
filters, and buffers outgo- 
ing 2BIQ 
data. The receive 
section filters and digi- 
tizes the symbol data received 
on the telephone 
line 
and passes 
it to the SPAROW. 
The HDSL 
Analog 
Interface 
is 
a monolithic 
device 
fabricated 
on 
O.6~MOS. 
It operates on a single +5V supply (using 


only 300mW). It is housed in a 48-pin SSOP package. 


AVVDD 


VREFP 


VCM 


VREFN 


RXREFP 


RXREFN 


RXLlNEP 


RXLlNEN 


RXHyBP 


RXHyBN 


BURR-BROWN~ 
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14 
Decimation 


Filter 
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SPECIFICATIONS 


AFEll04E 


PARAMETER 
COMMENTS 
MIN 
TYP 
MAX 
UNITS 


RECEIVE CHANNEL 
Receive 
Clock Rate, 
fRx 
48x Symbol Rate 
TBD 
28.032 
MHz 


T1 Mode 
18.816 
MHz 


E1 Mode 
28.032 
MHz 


ANALOG 
INPUTS 


Number 
of Inputs 
Differential 
2 


Hybrid Tip 
- 
G =-1 


Hybrid Ring 
G = +1 


Line Input 
G= 
1 


Hybrid Input 
G = 1 


Input Voltage Range 
Balanced 
Differential 
-3.5 
+3.5 
V 
Input Impedance 
All Inputs 
40 
kn 
Input Capacitance 
TBD 


Input 
Matching 
±2 
0/0 


Common 
Mode Voltage 
Vorfl 


AIO CONVERTER 
Resolution 
No Missing Codes 
13 
Bits 


Integral 
Linearity<l) 
13-Bit LSB 
±1 
LSB 
Differential 
Linearity<l) 
13-Bit LSB 
±C.8 
LSB 
Programmable 
Gain 
Four Gains 
Between 
OdS and +9dB 
0 
+9 
dB 
Settling Time 
for Gain 
Change 
6 
Symbol 
Periods 
Gain + Offset 
Error 
-4O"C to +85"<: 
5 
%FSR(2) 


Output Data Rate 
IRX/48 


T1 Mode 
392 
kHz 


E1 Mode 
584 
kHz 
SINAD(3) 
70 
dB 


TRANSMIT 
CHANNEL 


Transmit 
Clock Rate, 
fTX 
TBD 
584 
kHz 
T1 Mode 
392 
kHz 
E1 Mode 
584 
kHz 
T1 Transmit 
-3dB 
Point 
Bellcore TA-NWT-3017 
Compliant 
196 
kHz 
T1 Rate 
Power 
Spectral 
Density 
See 
Performance 
Curve, 
(oi) 


T1 Average 
Power 
DC to 784kHz, R, = 65il, 
(1), 
('), 
(5), 
(6) 
13 
14 
dBm 
E1 Transmit 
-3dB 
Point 
ETSI RTRlTM-03036 
Compliant 
292 
kHz 
E1 Rate Power Spectral Density 
See 
Perlormance 
Curve, 
("I 


E1 Average 
Power 
DC to 1.168MHz, 
At. = 65il, 
(1), 
('), 
(5), 
(6) 
13 
14 
dBm 
Output Voltage Range 
Balanced 
Differential, 
RL 
:: 280: 
±3.1 
±3.3 
±3.5 
V 
Output 
Current 
125 
mA 
Common-Mode 
Voltage 
Vorfl 
Output Impedance 
DC, (') 
2 
5 
il 
Linearity 
At Output Symbol Peak, (') 
0.012 
%FSR 
Harmonic 
Distortion 
3kHz, 3.4V Peak Sine Wave Output, R, = 28il 
-65 
dB 
HDSL 
Transformer 
Ratio 
T1 or E1 Rates 
1:2 


DIGITAL 
INTERFACE(') 
Input Levels 
HCMOS and TTL Compatible 
Output Levels 
HCMOS Drive Compatible 
10 
Loads 
Receive 
Interface 


I"Xl 
RXCLK Period 
40 
ns 


RXCLK Duty Cycle 
45 
55 
0/0 


tRX2 
RXSYNC to RXCLK Setup Time 
10 
ns 


tRX3 
RXSYNC to RXCLK Hold Time 
10 
ns 
""'. 


RXCLK to RXD13 - RXDO Delay 
50 
ns 


Transmit 
Interface 


tncBAUO 
TXCLK Period 
1.7 
~s 
tncpw 
TXCLK Pulse Width 
50 
ns 
tncssw 
TXDAT SUb-Symbol Width 
320 
ns 
tncSSE 
TXCLK to TXDAT Sub-Symbol 
Edge 
tTX•.••u0/96 


Allowable 
Error 
-10 
+10 
ns 


POWER 
Power Supply Voltage 
Specification 
5 
V 
Power Supply Voltage 
Operating 
Range 
4.75 
5.25 
V 
Power 
Dissipation 
in Operation 
V = +5VDC T1 or E1 Mode, R, • 65il, 
(') 
300 
mW 
PSRR 
Power Supply 
Rejection 
65 
dB 


TEMPERATURE 
RANGE 


Operating(1) 
-40 
+85 
·C 


NOTES: 
(t) Guaranteed 
by design and characterization. 
(2) FSR is Full scale 
Range. 
(3) Signal to Noise plus distortion; production 
tested with full scale 8kHz 
and 


250kHz 
input at 594kHz 
output data rate. (4) With a pseudo-random 
code sequence 
of HDSL 
pulses; 13.5dBm 
applied to transformer 
(27dBm 
output from TXuNEP 


and TXuNEN). 
(5) Power 
output and output linearity guaranteed 
by measuring 
vOltage levels of each of the four symbol outputs. 
(6) HDSL 
transformer 
ratio of 1:2 
into a line impedance 
of 1350. 
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Ground 


Power 
Input 
Input 
Input 
Output 
Output 
Output 
Output 
Output 
Output 
Ground 
Power 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Input 
Input 
Input 
Input 
Input 
Power 
Input 
Input 
Input 
Input 
Ground 
Ground 
Output 
Output 
Output 
Power 
Ground 
Output 
Power 
Output 
Ground 
NC 
NC 
NC 
NC 
Output 
Input 


NAME 


APGND 
APVoo 
TXCLK 
TXDATN 
TXDATP 
RXDO 
RXDl 
RXD2 
RXD3 
RXD4 
RXD5 
DGND 
DVoo 
RXD6 
RXD? 
RXD8 
RXD9 
RXD10 
RXD11 
RXD12 
RXD13 
RXCLK 
RXSYNC 
RXGAINO 
RXGAIN1 
RXLOOP 
ARVoo 
Rl<"y.N 
RJ<,.v.P 
RXt.,NEN 
RXt.,NEP 
ARGND 
AVGND 


VAEFP 
VOM 
VAEFN 
AWoo 
ABGND 


TXuNEN 
ABVoo 
TXuNEP 
ABGND 
NC 
NC 
NC 
NC 
PLloor 
PLltN 


Analog Ground for PLL 
Analog Supply (+5V) for PLL 
Transmit Symbol Clod< (392kHz for T1, 584kHz for El) 
DAG- Line from SPAROW 
DAC+ Line from SPAROW 
ADC Output Bit-O 
ADC Output Bit-1 
ADC Outpuf Blt-2 
ADC Output Bit-3 
ADC Output Bit4 
ADC Output Bit-5 


Digital Ground 
Digital Supply (+3.3V to +5V) 
ADC Output Bit-6 
ADC Output Bit-? 
ADC Output Bit-8 
ADC Output Bit-9 
ADC Output Bit-10 
ADC Output Bit-11 
ADC Output Bit-12 
ADC Output Bit-13 
NO Clock (18.816MHz 
for Tl, 
24.96MHz 
for E1) 
ADC Sync Signal (392kHz for T1, 584kHz for E1) 
Receive 
Gain Control Bit-O 
Receive 
Gain Control Bit·1 
Loopback Control Signal (Ioopback is enabled by positive signal) 
Analog Supply (+5V) 
Negative 
Input from Hybrid Network 
Positive Input from Hybrkt Network 


Negatrve 
Line Input 
Positive Line Input 
Analog Ground 
Analog Ground 
Positive Reference 
Output 
Common-Mode 
Voltage (buffered) 


Negative 
Reference 
Output 
Analog Supply (+5V) 
Analog Ground 
Transmit 
Line Output Negative 
Output Buffer Supply (+5V) 
Transmit 
Line Output Positive 
Output Buffer Ground 
Connection 
to Ground 
Recommended 
Connection 
to Ground 
Recommended 
Connection 
to Ground 
Recommended 
Connection 
to Ground 
Recommended 


Transmit 
PLL Filter Output Connection 
Transmit 
PLL Filter Input Connection 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURA·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 


Q:5:5umes 
no responsibility for the use Of tnls Information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without notice. No patent 
rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR·BROWN 
product for use in life support devices 
and/or 
systems. 
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Top View 
SSOP 


APGND 
48 
PLL'N 


APVoo 
PLLouT 


TXCLK 
NC 


TXDATN 
NC 


TXDATP 
NC 


RXDO 
NC 


RXDl 
ABGND 


RXD2 
TXUNEP 


RXD3 
ABVoo 


RXD4 
TXUNEN 


RXD5 
ABGND 


DGND 
AVVoo 


AFEll04E 
DVoo 
VAEFN 


RXD6 
VCM 


RXD7 
VREFP 


RXD8 
AVGND 


RXD9 
ARGND 


RXD10 
RXlINEP 


RXD11 
RXUNEN 


RXD12 
RXHVBP 


RXD13 
RXHyBN 


RXCLK 
ARVoo 


RXSYNC 
RXLOOP 


RXGAINO 
24 
25 
RXGAINI 


Power Supply Voltage 
TBD V 
Differential Input Voltage. 
. 
TBD V 
Output Short Circuit to ground (+25·C) 
Centinuous 


Junction Temperature 
(TJ) 
,. 
+ 150°C 
Storage Temperature Range 
-40°C 
to +125°C 
Lead Temperature (soldering, 35).. 
. 
+2600C 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER<') 
RANGE 


AFE1104E 
48-Pin Plastic SSOP 
333 
-40·C 
to +85·C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
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TYPICAL PERFORMANCE CURVES 


Output of HDSL Pulse Transformer 


100K 


Frequency (Hz) 


O.4T 0.4T 
I 
I 
B=1.07-·'n 
C=1.00- 
0=0.93- 


A=0.01 


F _ -{).01 
I 
I 
1.2T 


-{).6T 
0.5T 


NORMALIZED 
QUATERNARY 
SYMBOLS 


LEVEL 
+3 
+1 
-1 
-3 


A 
0.01 
0.0264 
0.0088 
-{).0088 
-{).0264 
B 
1.07 
2.8248 
0.9416 
-{).9416 
-2.8248 
C 
1.00 
2.6400 
0.8800 
-{).BBOO 
-2.6400 


0 
0.93 
2.4552 
0.8164 
-{).8184 
-2.4552 


E 
0.03 
0.0792 
0.0264 
-{).0264 
-{).0792 


F 
-{).01 
-{).0264 
-{).OOBB 
0.0088 
0.0264 


G 
-{).16 
-{).4224 
-{).1408 
0.1408 
0.4224 


H 
-{).05 
-{).1320 
-{).0440 
0.0440 
0.1320 


i/ 
I H - -{).05 


14T 
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THEORY OF OPERATION 
RXLOOP 
INPUT 


The transmit channel consists of a switched-capacitor 
pulse 
forming network followed by a differential 
line driver. The 
pulse 
forming 
network 
receives 
symbol 
data 
from 
SPAROW'S 
DAC+ and DAC-lines 
and generates a 2BIQ 
output waveform. In the TI mode, the output meets the pulse 
mask and power 
spectral density 
requirements 
defmed 
in 
sections 6.2.1 and 6.2.2.1 of Bellcore technical advisory TA- 
NWT-OOl21O. The differential 
line driver uses a composite 
output 
stage combining 
class B operation 
(for high effi- 


ciency 
driving 
large signals) 
with class AB operation 
(to 
minimize 
crossover 
distortion). 
In addition 
to providing 
a 
low-impedance 
output, the line driver will also provide 
a 
smoothing 
filter function 
for the switched-capacitor 
pulse 
former output. This device operates at both Tl and EI rates. 


The receive channel is designed around a fourth-order 
delta 
sigma AID converter. 
It includes a difference 
amplifier that 
can be used with an external 
compromise 
hybrid for fust 
order 
analog 
crosstalk 
reduction. 
A programmable 
gain 


amplifier 
with gains of OdB to +9dB is also included. The 
delta sigma modulator operating at a 48X oversampling 
ratio 
produces 
13 bits ofresolution 
with ±ILSB 
integral linearity 
at output rates up to 584kHz. 
The basic operation 
of the 
AFEll04 
is illustrated 
in Figure 
I shown below. 


The receive channel operates by summing the two differen- 
tial inputs, one from the line (RXUNE) and the other from the 
compromise 
hybrid 
(RXHyB). The connection 
of these two 
inputs so that the hybird signal is subtracted 
from the line 
signal 
is described 
in the paragraph 
below 
titled 
"Echo 
Cancellation 
in the APE". The equivalent gain for each input 
in the difference 
amp is I. The resulting 
signal then passes 
to a programmable 
gain amplifier which can be set for gains 
of OdB through 
9dB. The ADC converts 
the signal to a 
14-bit digital word, RXDI3 
- RXDO. 


RXLOOP 
is the loopback control signal. When enabled, the 


RXUNEP and RXUNEN inputs 
are disconnected 
from the 
APE. The RXHyBP and RXHyBN inputs remain connected. 
Loopback is enabled by applying a positive signal (Logic I) 
to RXLOOP. 


ECHO CANCELLATION 
IN THE AFE 


The RXHYB input is designed 
to be subtracted 
from the 


RXUNE input for first order echo cancellation. 
To accom- 


plish this, note that the RXUNE input is connected 
to the 
same polarity signal at the transformer 
(positive to positive 
and negative 
to negative) 
while the RXHYB input is con- 


nected to opposite polarity through the compromise 
hybrid 
(negative 
to positive and positive to negative) 
as shown in 
Figure 2. 


The data from the receive channel AID converter is in two's 
complement 
code. 


ANALOG 
INPUT 
OUTPUT 
CODE (RXD13 - RXDO) 


Positive 
Full Scale 
01111111111111 
Mid scale 
00000000000000 


Negative 
Full Scale 
10000000000000 


RECEIVE CHANNEL 
PROGRAMMABLE 
GAIN AMPLIFIER 


The gain of the amplifier at the input of the Receive Channel 
is set by two gain control pins, RXGAINI 
and RXGAINO. 


The resulting gain between OdB and +6dB is shown below. 


RXGAIN1 
RXGAINO 
GAIN 


0 
0 
OdB 


0 
1 
3dB 


1 
0 
6dB 


1 
1 
QdB 
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DAT+ 
DAe- 


TX_SYM_CLK 


HOLD_ 


MCLK19_2 


TXDATP 


TXDATN 


TXCLK 


RXSYNC 


RXCLK 


RXLOOP 


RXGAINl 


RXGAINO 


RXD13- RXDO 


ABGND 


APGND 


DGND 


ARGND 


AVGND 


ABGND 


I 
O.l~F I 
O.l~F I 
O.l~F 
- 
- 
- 
- 
- 
- 


RXHYB AND RXUNE 
INPUT ANTI-ALIASING 
FILTERS 


The -3dB 
frequency 
of the input anti-aliasing 
filter for the 


RXLlNE 
and 
RXHYB 
differential 
inputs 
should 
be about 
IMHz. Suggested 
values for the filter are 500n 
for each of 
the two input resistors and 150pF for the capacitor. Together 
the two 500n 
resistors and the 150pF capacitor 
result in a 
3dB frequency of just over 1MHz. The 500n 
input resistors 


will result in a minimal voltage divider loss with the input 
impedance 
of the AFEIl04. 


RXHYB AND RXUNE 
INPUT BIAS VOLTAGE 


The transmitter 
output 
on the TXuNE pins is centered 
at 
midscale, 
2.5V. Therefore, 
the RXUNE input signal is cen- 
tered at 2.5V in the circuit shown in Figure 2 above. 


Inside 
the AFEII04, 
the RXHYB 
and RXUNE 
signals 
are 
subtracted 
as described 
in the paragraph 
on echo cancella- 
tion above. This means that the RXHYB 
inputs need to be 
centered 
at 2.5V just as the RXLlNE 
signal is centered 
at 
2.5V. VCM (Pin 35) is a 2.5V voltage source. The external 
compromise 
hybrid must be designed so that the signal into 
the RXHYB 
inputs is centered 
at 2.5V. If the compromise 
hybrid 
circuit 
is AC 
coupled 
to the RXHYB 
inputs, 
an 
external pull-up resistor to VCM may be needed to center the 
input at 2.5V. 


If VCM pull-up resistors are used, we recommend 
resistors in 
the range of lOOill so that the pull-up resistors have a small 
effect on the rest of the circuit and a small current is used 
from VCM' 
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RXSYNC ~ 
L 
I_I 


l-tRX2-1-.~--tRX' 


RXSYNC~ 


.j 


1 
_ 


RXD13-RXDo 
YJmllVOX 
Dat_av_ali_d-------- 


I • 
tTXPW 
•• I 


TXCLK I~ 
I 


1~75_1 


TXDATP (+3 Symbol) 
_ 


1_ 3 ±9~75 tTXBAUO---! 


TXDATP (+1 Symbol) 
__~~ 
_ 


1_.>---__ 
5_~~0~67-5 tTXBAUO 
_I 


TXDATP (-1 Symbol) 
__~~ 
I 


1_.>--------7 
~~75 tTXBAUO 
• I 


TXDATP (-3 Symbol) 
_ 
I 
• 


1_.>----------- 
9 ~~75 
tTXBAUD 
----------. 
1 


TXDATP (0 Symbol) 
_ 
• 


TXDATP (0 Symbol) 
_ 
UT!T17 
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FE~TURES 


• MONOLITHIC 
CHARGE 
INPUT ADC 


• DIGITAL FILTER NOISE REDUCTION: 
O.9ppm, rms 


• 
DIGITAL 
ERROR CORRECTION: 
CDS 


• CONVERSION 
RATE: Up to 15kHz 


.USER 
FRIENDLY 
EVALUATION 
FIXTURE 


The DDCIOI is a precision, wide dynamic range, charge 
digitizing 
AID converter 
with 20-bit resolution. 
Low 
level current output devices, such as photosensors, can be 
directly connected to its input. The most stringent accu- 
racy requirements of many unipolar output sensor appli- 
cations occur at low signal levels. To meet this require- 
ment, Burr-Brown developed the adaptive delta modula- 
tion architecture 
of the DDC101 
to provide 
linearly 
improving noise and linearity errors as the input signal 
level decreases. The DDCIOI combines the functions of 
current-to-voltage conversion, integration, input program- 
mable gain amplification, 
AID conversion, 
and digital 
filtering to produce precision, wide dynamic range re- 
sults. The input signal can be a low level current con- 
nected directly 
into the unit or a voltage connected 
through a user selected resistor. Although the DDC 10I is 
optimized 
for unipolar signals, it can also accurately 
digitize bipolar input signals. The patented delta modula- 


APPLICATIONS 


• 
DIRECT 
PHOTOSENSOR 
DIGITIZATION 


• 
PRECISION 
INSTRUMENTATION 


• 
INFRARED 
PYROMETRY 


• 
PRECISION 
PROCESS 
CONTROL 


• CT SCANNER 
DAS 


• CHEMICAL 
ANALYZERS 


tion topology combines charge integration and digitiza- 
tion functions. Oversampling and digital filtering reduce 
system noise dramatically. Correlated Double Sampling 
(CDS) captures and eliminates steady state and conver- 
sion cycle dependent offset and switching errors that are 
not eliminated with conventional analog circuits. 


The DDC101 block diagram is shown below. During 
conversion, the input signal is collected on the internal 
integration capacitance for a user determined integration 
period. A high precision, autozeroed comparator samples 
the analog input node. Tracking logic updates the internal 
high resolution DIA converter at a 2MHz rate to maintain 
the analog input at virtual ground. A user programmable 
digital filter oversamples the tracking logic's output. The 
digital filter passes a low noise, high resolution digital 
output to the serial 1/0 register. The serial outputs of 
multiple DDC101 units can be easily connected together 
in series or parallel if desired to minimize interconnections. 
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SECTION 1 
BASIC THEORY OF OPERATION 


The 
basic 
function 
of the DDCIOI 
is illustrated 
in the 
Simplified Equivalent 
Circuit shown in Figure I. The opera- 
tion is equivalent 
to the functions performed 
by a very high 


quality, low bias current switched integrator 
followed by a 
precision 
floating 
point programmable 
gain amplifier 
and 
ending with a high resolution 
AID converter. 


The second block diagram, 
Figure 2, shows the DDC 10I 
circuit 
architecture 
which 
implements 
these 
functions 
monolithically. 
During 
each conversion, 
the input 
signal 
current is collected 
on the internal integration 
capacitance, 


CINT,as charge for a user determined 
integration period, TINT' 


As the integration 
capacitor collects input charge, the track- 
ing logic updates the internal high resolution OfA converter 
at a 2MHz rate to maintain the analog input node at virtual 
ground. 


The digital filter oversamples 
the tracking logic's 
output at 


the beginning and end of each integration 
period to produce 
two oversampled 
data points. The DDCIOI 
measures 
the 
charge accumulated 
in the integration 
and performs 
corre- 


lated double sampling (CDS) by subtracting 
these two data 
points. CDS eliminates 
integration 
cycle dependent 
errors 


such as charge injection, offset voltage, and reset noise since 
these errors are measured with the signal at each of the two 
data points. The number of oversamples, 
and thus the fre- 
quency response of the digital filter, is user programmable. 


The digital filter passes a low noise, high resolution 
digital 
output to the serial I/O register. Since the timing control of 
the serial I/O register is independent 
of the DDCIOI conver- 
sion process, the outputs of multiple DDCIOI 
units can be 
connected together in series or parallel to minimize intercon- 
nections. 
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Capacitor Digital-to-Analog 
Converter 
(CDAC). By switch- 
ing between ground and V REF the binary weighted capacitor 
array of the CDAC accumulates 
the input signal's 
charge to 
keep the comparator 
input at virtual ground. 


An internal test current source is provided 
for basic func- 
tionality testing and diagnostics. 
This approximately 
lOOnA 
current 
source is pin activated 
and sums with the external 
input current. 


Figure 3 shows a more detailed circuit configuration 
of the 
DDCIOI. 
The single 
integration 
capacitor, 
C,NT, 
and the 
D/A converter 
have been replaced 
with a high resolution 


+vs 
O----{D-J 


Test Current 


High 


Resolution 
Digital Out 


3rd Order Digital 


Integration, 
Tracking 
and 


Control 
Logic 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not 
authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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ELECTRICAL 
All specifications 
with unipolar current input range, TINT:: lms, 
correlated double sampling enabled, System Clock 
c: 2MHz, VREF:: -2.5V, 
TA::: 
+25°C and Vs = 


±5VDC, 
unless otherwise 
noted. 


DDC101 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUTS 
Charge Inpur" 


Unipolar Input Range 
BTC Output Code 
-1.95 
500 
pC/lntegralion 
Bipolar Input Range 
BTC Output Code 
-251.95 
250 
pC/Integration 
Input Current 
Unipolar or Bipolar Range 
7.8 
~A 
Current Input Range Examplesf10J 


Unipolar Input Range 
TINT= 1001-15 
-<J.0195 
5 
~A 
Unipolar Input Range 
TINT"" lms 
-1.95 
500 
nA 
Bipolar Input Range 
T••• :100~s 
-2.5195 
2.5 
~ 
Bipolar Input Range 
TINT= lms 
-251.95 
250 
nA 
Voltage 
Input Examples(1OI 


Unipolar Input Range(2) 
R1N= 10MQ, T'NT = lms 
-<J.0195 
5 
V 
Bipolar 
Input Range(21 
R1N= 10Mil, 
TINT :: 1ms 
-2.5195 
2.5 
V 


DYNAMIC 
CHARACTERISTICS 
Conversion Time 
64 
256 x 10' 
~s 
Integration Time 
64 
10' 
~s 
System Clock Input 
0.5 
2 
MHz 


ACCURACY 
Unipolar Mode Noise 
Noise, Low Level Current 
Inputl1) 
CSENSOR: 
OpF, L: 
8 
0.9 
ppm of FSR, rms(3) 


Noise, Low Level Current 
Inpulll) 
CSENSOR: 
OpF, L = 1 
1.6 
ppm of FSR, rms 
Noise, Low Level Current Inpulll) 
CSENSOR 
= 100pF, L = 1 
2.1 
3 
ppm of FSR, rms 
Noise, Low Level Current Inpull1) 
CSENSOR 
= 500pF, L = 1 
4.2 
ppm of FSR, rms 
Noise, Voltage Input<l,2) 
R'N~ 20MQ 
1.9 
ppm of FSR, rms 
Differential Linearity Error 
Unipolar Input Range 
Entire Range 
±0.005% 
Reading ±0.5ppm 
FSR, max 


0.1% FSR Input 
±0.OOO06 
%ofFSR 
1% FSR Input 
±0.00010 
% of FSR 
10% FSR Input 
±0.OOO55 
%of 
FSR 
Unipolar or Bipolar Input Range 
±0.0015 
%of 
FSR 
Integral Linearity Error 
Unipolar Input Range(11) 
Entire Range 
±0.0244% 
Reading ±2.5ppm FSR, max 


0.1% FSR Input 
±0.00028 
%of 
FSR 
1% FSR Input 
±0.00050 
%of 
FSR 
10% FSR Input 
±0.0027 
%of 
FSR 
Unipolar or Bipolar Input Ranget11) 
±0.003 
%of 
FSR 
No Missing Codes 
Unipolar Input Range 
18 
Bits 
Bipolar Input Range 
16 
Bits 


Input Bias Current 
T" == +25°C 
3 
10 
pA 
DC Gain Error 
±D.5 
±2 
%of 
FSR 
Oulput Offset Erro"" 
±D.5 
ppm of FSR 
Input Offset Voltage(') 
±D.5 
±2 
mV 
External Voltage Reference, VREF 
-2.5 
VDC 
Internal Test Signal 
100 
nA 
Internal Test Signal Accuracy 
±20 
nA 
Gain Sensitivity to V REF 
VREF 
== 2.5V±O.1V 
1:1 
PSRR 
80 
90 
dB 


PERFORMANCE 
OVER TEMPERATURE 
Output Offset Driftl8) 
not including bias current drift 
0 
~VI"C 
Input Offset Voltage Drift(8) 
1 
~VI"C 
Input Bias Current Drift 
+25°C to +45°C 
0.1 
0.5 
pArC 
Input Bias Current 
T" == +85°C 
8 
40 
pA 
Gain Oriftl4' 
±15 
ppml"C 


DIGITAL 
INPUT/OUTPUT 
Logic Family 
TIL 
Compatible CMOS 
Logic Level: V1H 
l'H 
== +5~A 
+2.0 
+V"" 
V 


V. 
I. =+5~ 
-<J.3 
+0.8 
V 


V(>< 
1(><= 2 TIL 
Loads 
+2.4 
+V"" 
V 


V",- 
1",-= 2 TIL 
Loads 
0.0 
0.4 
V 
DalaClock 
Data 1/0 
8 
MHz 
SETUP Code 1/0''' 
4 
MHz 
Data Format 
Straight Binary 
Unipolar or Bipolar Range 
20 
Bits 
Two's Complement 
Unipolar or Bipolar Range 
21 
Bits 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


All specifications 
with unipolar current input range, TINT= 1ms, correlated double sampling enabled, System Clock = 2MHz, VREF = -2.5V, 
TA "'" +25°C and Vs = 
±5VOC, unless otherwise 
noted. 


DDC101 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
REQUIREMENTS 


OperationlS) 
±4.75 
±5 
±5.25 
VDC 
Quiescent Current, Positive Supply 
Vs+ = +5VDC, VDO+ = +5VDC 
15.6 
19.5 
mA 
Analog, Vs+ 
8.9 
mA 


Digital, V00+ 
6.7 
mA 
Quiescent Current. Negative Supply 
Vs-=-5VDC 
18.0 
22.5 
mA 
Operating Power 
170 
mW 


TEMPERATURE 
RANGE 


Operating 
-40 
+85 
·C 
Storage 
~O 
+100 
·C 


NOTES: (1) Input = low level (less than 1% 01Full ScaJe); Full ScaJe I" = SOOnA;TNT= lms; Unipolat Input Range;Acquisifion 
Time = 16 clock cycles, Oversampling 
= 128. (2) Voltage input iscooverted 
through user 


provided input resislor, R,.. (3) FSR is Full ScaJe Range. (4) Gain Oriftdoes 
not include the drift oflne 
external referer<e. 
(5) V",. 
must be less than orequai 
10V, •. see 5eclion 
7 lor recommended 
conneclions. 
(6) 


Slraight 
Binary ou1put code has sI~htfy lflfferent Charge Range. see 5eclion 6. (8) Input offsel voltage is nulled by autozero arcuitry 
and causes no ou1put enor. see 5eclion 
6 (Internal Error Correction). 
(9) This is 
the maximum clock trequency at whictl SETUP codes can bewritten to and read trorn the DOC 101. (10) For other input CU"ent and vollege configurations, 
see Discussion 01Specifications 
and Detailed Theory 01Operation 
sections. (11) A besl·litstra~hlline 
method is used 10determine Rnearity. Two different besl·1it stra~ht lines are usedlorthe 
two unipolar integrai linearity specifications. 
Acquisition Time = 16c1ockcycles, 
OvOlSampiing 


= 128. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


DDC101P 
28-Pin DIP 
215 


DDC101U 
24-Pin SOIC 
239 


Analog 
Inpuls 


Input Current.. 
. 
100mA. momentary 
Input Current 
10mA, continuous 


Input Voltage 
Vs+ +O.5V to Vs- ~.5V 


Power 
Supply 
Vs+ 
... + 7V 
Vs- 
. 
-7V 


Voo+ 
. 
must be $ Vs+ 
Maximum Junction Temperature 
+165°C 


Vs-, ANALOG 


ANALOG COMMON 


Vs+, ANALOG 


Vs+, ANALOG 


NC 


NC 


SYSTEM CLOCK 


DATA CLOCK 


DATA INPUT 


THERMAL 
RESISTANCE 
(8,.) 


MODEL 
PACKAGE 
("eIW) 


DDC101P 
28-Pin OW DIP 
100 


DDC101U 
24-Pin SOIC 
i 
100 


A 
ELECTROSTATIC 
B:ta. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 


to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


28 
REFERENCE 
BUFFER BYPASS 


VREF 


TEST In 


RESET SETUP In 


SETUP In 


READ DATNSETUP 


NC 


NC 


DATA TRANSMIT 
In 


OVERFLOW 
+ Oul 


OVERFLOW - Oul 


DATA VALID Out 


DATA OUTPUT 


15 
DIGITAL GROUND 
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Vs-. ANALOG 


ANALOG COMMON 


Vs+. ANALOG 


Vs+, ANALOG 


RESET SYSTEM In 


SECTION 3 
PIN DESCRIPTIONS 


24-Pln SOIC 


24 
REFERENCE 
BUFFER BYPASS 


VREF 


TEST In 


RESET SETUP In 


SETUP 


READ DATA/SETUP 


DATA TRANSMIT 
In 


OVERFLOW 
+ Out 


OVERFLOW 
- Out 


DATA VALID Out 


DATA OUTPUT 


13 
DIGITAL GROUND 


SOIC 
DIP 
PIN 
PIN 
NUMBER 
NUMBER 
NAME 
DESCRIPTION 


1 
1 
Vs-' ANALOG 
Negative analog power supply voltage. -5VDC. 


2 
2 
ANALOG COMMON 
Analog ground point. 


3 
3 
ANALOG INPUT 
Input for low level current signal. Photosensor 
can be directly connected 
to this input. With a resistor in series, 


DDC101 will convert a voltage input. 


4 
4 
ANALOG COMMON 
Analog ground point. 


5 
5 
Vs+·ANALOG 
Positive analog power supply voltage, +SVDC. Hardwire to pin 6. 


6 
6 
Vs+·ANALOG 
Positive analog power supply voltage, +SVDC. Hardwire to pin 5. 


7 
9 
RESET SYSTEM In 
This input resets ODCIOt, 
but does not reset the SETUP register. The OOCIOt 
system is reset when this pin is 
active; reset action is removed when the pin is inactive. 


8 
10 
FDS In 
This is Final Data point Start input. This input is the basic user control aftha integration and conversion timing. When 
it becomes active, the DDCIOl 
starts collection 
of the M, final data point samples. The beginning 
of the next 
integration time is exactly M system clock periods after the Final Data point Start command when operating in the 
continuous 
mode. 


9 
11 
SYSTEM CLOCK 
This clock input sets the basic sampling rate of the DDCl 01. The DDC1 01 is specified with a clock speed of 2M Hz. 
The clock speed can be 0.5MHz to 2.0MHz. 


10 
12 
DATA CLOCK 
This clock input controls the data transfer rate for the serial DATA INPUT and DATA OUTPUT ports. The DATA 
CLOCK is independent of the SYSTEM CLOCK. This allows the DATA CLOCK to be operated at higher or lower 
speeds than the SYSTEM CLOCK. For best noise performance, 
data should not be transmitted 
and the DATA 
CLOCK should not be active during the initial and final data point collection. If data is being transmitted during the 
initial and final data point collection periods. the DATA CLOCK should be synchronized 
to the SYSTEM CLOCK, 


to minimize added noise. DATA CLOCK can be connected to SYSTEM CLOCK, so that the same clock is used for 
both; however, for best noise performance, the DATA CLOCK input should be active only when data is transmitted. 


11 
13 
DATA INPUT 
This input can be used to "daisy chain" the output of several DDC1 01s together to minimize wiring. The output 
register of the DDC1 01 acts as a shift register to pass through the output of previously connected 
DDC101 units. 


In this way, multiple DOC 101 units can convert simul1aneously then sequence the data out serially on the same data 
line with one common control line and one common data line for all DDC101 units. 


12 
14 
V00+' DIGITAL 
Digital power supply, +5VDC. VC>Q+must be less 1han or equal to Vs+' 


13 
15 
DIGITAL GROUND 
Digital ground point. 


14 
16 
DATA OUTPUT 
This output provides serial digita data clocked out at user controlled DATA CLOCK rate. Output data format is a 
21·bit binary two's complement word or a 20-bit straight binary word. The data word is transmitted MSB first. When 
DATA TRANSMIT 
is not active DATA OUTPUT tri-states. 


15 
17 
DATA VALID 
This output is activated when conversion 
is complete 
and remains active until the DATA TRANSMIT 
input is 
activated. 


16 
18 
OVERFLOW- 
The OVERFLOW 
output signals each provide an open collector output so that the overflow outputs from several 
17 
19 
OVERFLOW-#- 
DDC101s can easily be connected 
(wire ORed) together to a common pull-up resistor. They are activated when 
the input is beyond the acceptable 
range during conversion. 
Specifically, 
they are activated when the intemal 
DIAconverter 
input or digital filter exceeds full scale. They are Cleared at the end of conversion 
1/2 clock cycle after 
DATA VALID high. DATA VALID can be used to capture OVERFLOW 
data into an external register. 
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PIN DESCRIPTIONS 
(CONT) 


sOle 
DIP 
PIN 
PIN 
NUMBER 
NUMBER 
NAME 


18 
20 
DATA TRANSMIT 
In 


19 
23 
READDATN 


SETUP In 


23 
27 
VREF 


24 
28 
REFERENCE 
BUFFER BYPASS 


7 
NC 


8 
NC 


21 
NC 


22 
NC 


This input controls the transmission 
of data from the serial 110 register of the DDC1 01. It can be activated anytime 


after DATA VALID out becomes active. It must remain active until all data has been collected from the seoall/O 
register(s) of all DDC101s in the data path. 


This input can be used to read back the current SETUP data. When this input is held high, the output from DATA 
OUTPUT is the data collected by the DOC1 01. When this input is pUlled low, an internal shift register is loaded with 
the current SETUP data on the rising edge of DATA CLOCK. This SETUP data shift register is iogically connected 
between DATA INPUT and DATA OUTPUT pins and can be read in the same way thatthe 
data output is read. 


SETUP data read back does not invalidate data already stored in the DDC1 01's serial 1/0 register or data being 
collected by the DOCI01, 
although digital noise concerns should be considered 
as discussed in DATA CLOCK. 


This input pin controls the DDC101 SETUP. A 12-bit digital word transmitted 
into this pin controls AcqUisition 
Time, K, Oversampling, 
M, Multiple Integrations, L, Input Range and Output Data Format. The DDC101 reads the 


SETUP code at this pin after the RESET SETUP input transitions from active to inactive. The SETUP code is read 
into the SETUP register on the 12 positive data clock transitions following that transition. 


Resets SETUP register only, does not reset balance of DDC101. The DDC1 01 reads SETUP input data after this 
input transitions from actIve (reset) to inactive. 


This is a digital input that controls the connection of an internal DC current source to the DDC101's input. TEST 
In exercises the DDC1 01 and is intended to test for funetionality only. The typical test input current is 100nA±20nA. 
The quiescent current of the DDC101 increases by approximately 
1mAwhen 
TEST In is active. When TEST is 


HIGH, the internal current source is ON and current is flowing into the DDC101 input. When TEST is LOW, the 
current source is disconnected 
from the input. 


An external-2.5V 
reference must be connected to the REFERENCE 
In pin. Use of an external reference allows 


multiple DDC1 01s to use the same system reference for optimum channel matching. The external reference should 
be filtered to minimize noise contribution 
(see Figure 24). 


An external 
capacitor 
of 10J,tFshould be connected 
to this node to provide 
proper operation 
of the internal 


DIA converter. The REFERENCE 
In pin is connected to an internal reference buffer amplifier. The internal ref- 


erence buffer drives the internal CDAC. This buffer output is not intended for external use. 


No connection in 2S-pin DIP. 


No connection in 28-pin DIP. 


No connection 
in 28-pin DIP. 


No connection 
in 28-pin DIP. 


SECTION 4 
TIMING CHARACTERISTICS 


All specifications 
with Unipolar input range, TINT:: 1ms, Current Input, Correlated 
Double Sampling enabled, Sys Clock:: 
2MHz, VREF:: 
-2.5V, 
TA:: 
+25°C and 


Vs:: ±5VDC, unless otherwise noted. 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
I 
MAX 
I 
UNITS 


t, 
FDS Setup 
30 
(J1) CIOCkS+t,+Jons 


ns 


t, 
FDS width, Continuous Conversion 
SO 
ns 


t3 
FDS width, Asynchronous 
Conversion 
M Clocks+t, 
ns 


'< 
FDS HIGH to start of next integration, Asynchronous 
Conversion 
SO 
ns 


Is 
Setup time for RESET SETUP HIGH to DATA CLOCK HIGH 
60 
ns 


to 
Setup time for Setup Codes data valid before rising edge of DATA Clock 
30 
ns 


t, 
Hoid time for Setup Codes data valid after rising edge of OATA Clock 
30 
ns 


'" 


Propagation delay from rising edge of SYSTEM CLOCK to DATA VALID LOW 
SO 
ns 


'" 


Propagation delay from DATA TRANSMIT 
LOW to DATA VALID HIGH 
35 
ns 


tIC 
Setup time for DATA CLOCK LOW to DATA TRANSMIT 
LOW 
30 
ns 


t" 
Propagation delay from DATA TRANSMIT 
LOW to valid data out 
30 
ns 


t" 
Hold time that Data output is valid after falling edge of DATA CLOCK 
10 
ns 


t'3 
Propagalion 
delay from DATA TRANSMIT 
HIGH to Data Output tri-stated 
40 
ns 


t" 
Propagation delay from falling edge of SYSTEM CLOCK to OVERFLOW+ 
and 
25 
ns 


OVERFLOW- 
cleared 


t15 
SYSTEM CLOCK pulse width HIGH 
240 
ns 


t,. 
SYSTEM CLOCK pulse width LOW 
240 
ns 


t" 
DATA VALID LOW to DATA TRANSMIT 
LOW, Single DDC101 
30 
(LxN-21) 
Clocks 
ns 
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Internal 


Oversampling 


Interval 


Internal 


Reset 


FDS 
initiates 
oversampling 
nod. 


-- 
M Clock 
Periods 
-- 
JEnd of oversample 
period 
-- 
M Clock 
Periods 
-- 
initiates 
reset 
for next integration. 


---z..- 
Next 
integration 
begins 
when 
1 clock 


period 
wkte 
Internal 
Reset ends. 


Non-Contlnuous 
Integration 
Timing 


SYSTEM 
CLOCK 


L When 
Internal 
Reset 
period 
ends, 


next integration 
begins. 


FDSln 


Internal 


Oversampling 


Interval 


[---.t17 
'5'~ 
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~Read.- 
Clear 


~Read.- 
Clear 


'''~.,w~'" 
1 
1__ 
"__1_15 
~_-+-- 
11_6 - 
f 
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For Immediate Assistance, Contact YourLocal Salesperson 
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DISCUSSION OF 
SPECIFICATIONS 


INPUT 


The DDCIOI 
is a charge 
digitizing 
AID converter. 
Low 
level current output sources, such as a photosensors, 
can be 
directly connected 
to its input. The input signal can also be 
a voltage connected 
through a user selected resistor. 


The maximum charge that can be captured in one integration 
by the DDCIOI 
is 500pC. In the unipolar input range mode, 


the maximum 
positive charge that can be collected 
in one 
integration 
is 500pC. 
The DDCIOI 
has a small negative 
range in the unipolar mode of -1.95pC. 
This small negative 
underrange 
is included 
to allow 
for a small 
amount 
of 
leakage current from the user's PC board and sensor. In the 
bipolar input range, the maximum 
positive charge that can 
be collected is +250pC. The maximum 
negative charge that 
can be collected 
is -251.95pC. 


In addition 
to the normal 
mode 
of one 
integration 
per 
conversion, 
DDC 10I can be configured 
by the user for I to 
256 integrations 
per conversion. 
When the multiple integra- 
tions per conversion 
mode is chosen, 
the DDClOl 
DSP 
circuitry 
internally 
averages 
multiple 
integration 
cycles to 
provide one conversion 
result. This result has lower noise 
because 
it is the average 
of multiple 
integrations. 
In this 


mode, the maximum total charge that can be captured by the 
DDClOl 
in 256 integrations 
is 128,OOOpC. 


An internal 
DC test current 
can be connected 
under user 


control to the DDCIOI 's input. The test current is nominally 
lOOnA and will be summed with any applied external input 
signal. It is derived by a resistive network from the positive 
power supply. The test current is intended to test for func- 
tionality only. The TEST In pin of the DDCIOI 
controls the 
current. When TEST is HIGH, the internal current source is 
ON and current 
is flowing 
into the DDCIOI 
input. When 
TEST is LOW, the current source is disconnected 
from the 
input. 
With 
TEST 
active, 
positive 
power 
supply 
current 
increases by approximately 
ImA. 


FULL SCALE 
RANGE 


The 
full scale 
range 
(FSR), 
which 
is referenced 
in the 
specification 
table, is the difference between the positive full 
scale 
charge 
and the negative 
full scale 
charge 
for the 
DDClOl 
in one integration 
cycle. Specifications 
such as 
noise and linearity, which are specified in percent or ppm of 
FSR, are referring to a value of 500pC for both unipolar and 
bipolar input ranges. 


The full scale input current for a given integration 
time will 
result in a full scale input charge. As an example for unipolar 


- 
. 


inputs, the input resistor is chosen to achieve the proper full 
scale input current. As an example, for a 5V full scale input, 
a IOMO input resistor is selected to achieve a full scale input 
current of O.5~A (lms 
integration 
time). 


Noise of 1.6ppm of FSR is equal to 1.6ppm x 500pC = O.8fC 
or 1.6ppm x O.5~A = O.8pA or 1.6ppm x 5V = 8~V. Thus, 
in this instance, noise is 1.6pA or 8~V. 


For the unipolar input range, the following 
table shows the 


full scale input current 
required 
for different 
integration_ 
times to collect 500pC of charge and the equivalent 
current 
values for 2 and 5ppm of FSR. 


T"" 
I" 
2ppm 
5ppm 


50ms 
10nA 
O.02pA 
O.5pA 
5ms 
100nA 
O.2pA 
lpA 
lms 
500nA 
lpA 
2.5pA 
500~s 
1~ 
2pA 
5pA 
100~s 
5~ 
10pA 
25pA 


TABLE I. Integration Time (TINT)and Full Scale Current (IFS) 
for Full Scale 500pC Integration. 


The maximum average input current that can be captured by 
the 
DDCIOI 
is ±7.8~A. 
This 
current 
will 
result 
in an 
integration 
time of 64~s for unipolar input range and 32~s 


for bipolar 
input range. For longer 
integration 
times, 
the 
average input current must be less. 


The maximum 
input current 
is limited 
by the slew and 
update rate of the internal tracking 
logic and CDAC. The 
largest input current that the DDC 10I can accurately track is 
7.8~. 
Input currents 
larger than 7.8~ 
and high speed 
current input pulses can be accurately captured and digitized 
by the DDClOl 
with an external input or sensor capacitance 


on the DDCIOI 
input. The average current during a com- 
plete integration 
cycle cannot exceed 7.8~A. Likewise, 
the 


total charge input must not exceed 500pC unipolar, 
250pC 
bipolar during the integration 
time. 


An external user provided input capacitance, 
Cs, as shown in 
Figure 9a, will capture the input signal charge if the input 
current limit is temporarily 
exceeded during the integration 
cycle. The DDClOl 
will then transfer the charge completely 


to C1NTbased upon conservation 
of charge. 
An additional 
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constraint 
is, the voltage that appears at the DDCIOI 
input, 
must not exceed 2.SV. If this voltage is exceeded, 
charge 
may be lost and the integration 
result may be invalid. The 
input voltage can be calculated: 


. 
C 
dv 
l(t)= 
s-dt 


V=...!.-Ji(t)dt 
Cs 


therefore, 


V 
. 
t 
=1-. 
Cs 


As an example, 
with a user supplied 
input capacitance 
of 
IOOpF, a current 
pulse of lOOIJA for 2l!s could be stored 
without exceeding 
2.SV applied to the input: 


2l!s 
V = (IOOl!A). 
-- 
= 2V. 


lOOpF 


The current pulse must occur completely 
during part of one 
DDCIOI 
integration 
time, and the DDCIOI 
must still have 
time 
to discharge 
the input 
capacitance 
to ground 
at a 
maximum 
rate of 7.81JA before the DDCIOI 
is triggered 
(through the FDS input) to end the integration. 
In addition, 


the total charge 
integrated 
must be SOOpC or less for the 
unipolar 
range. A current pulse of lOOllA for 2l!s creates 
200pC of charge. 


VOLTAGE 
INPUT SPECIFICATIONS 


The DDCIOI 
is a charge 
digitizing 
device. 
With a user 
provided 
input resistor, 
the DDCIOI 
can digitize 
voltage 
inputs. All of the general charge/current 
input specifications 
apply to the voltage input situation. The specification 
table 


shows the typical noise of the DDCIOI 
including the effects 
of a 20MO input resistor, R'N" 


The input of the DDCIOI is a virtual ground. A voltage input 
causes 
a current, 
i, to flow into the input through 
R'N as 
shown in Figure 9b. The maximum 
input current 
is deter- 


Input 


Resistor i_Analog 
Input,pin3 


mined by the integration 
time selected. Table II shows the 
maximum 
input voltage 
based upon several 
selections 
of 
input current and input resistor for unipolar input range. The 
accuracy 
of the input resistor 
will add directly 
to the DC 
Gain Error of the DDCIOI; 
the drift of the input resistor will 
add directly to the Gain Drift of the DDCIOI. 


Note that the DDCIOI 
output 
noise decreases 
as R1Nin- 
creases. This is because the DDCIOI 
noise gain decreases 
and the 
input 
resistance 
current 
noise 
decreases 
as R'N 


increases. 
This effect is shown in the "Noise 
vs Resistor 
Value" typical performance 
curve. 


INPUT 
RESISTOR, 
R." 


INTEGRATION 
TIME 
lms 
5OOl1s 
lClO1's 


Full Scale Input Current 
0.51lA 
11lA 
51lA 


Full Scale Voltage 
50mV 
100kil 
50kil 
10kil 


500mV 
1MQ 
500kQ 
100kil 
5V 
10MQ 
5MQ 
1MQ 
50V 
100MQ 
50MQ 
10MQ 


TABLE II. Example of Input Resistor Values Unipolar Input 
Range. 


Due to innovative 
design techniques, 
the absolute 
level of 
linearity error of the DDC 10I improves 
as the input signal 
level 
decreases 
when 
used 
in the unipolar 
input 
mode. 
Therefore, 
in unipolar input mode, the integral linearity of 
the 
DDCIOI 
is specified 
as a small 
base 
error 
plus 
a 
percentage 
of reading error or as a percentage 
of full scale 
range. A best-fit straight line method 
is used to determine 
integral 
linearity. 
Two different 
best-fit 
straight 
lines are 
used for the two unipolar 
integral 
linearity 
specifications. 


For bipolar 
input mode, 
linearity 
is specified 
only as a 
percentage 
of full scale range. 


To illustrate 
the improvement 
in unipolar 
mode linearity 
error, Figure 
10 shows the maximum 
unipolar 
integral lin- 
earity error (ILE) of the DDCIOI 
as a function of the input 
signal 
level. 
The 
maximum 
integral 
linearity 
error 
is 
±O.0244% of reading ±2.Sppm of FSR. Thus, the maximum 
ILE for an input 
level of I% of FSR is O.OOOS%FSR. 
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FIGURE 
10. Maximum 
Unipolar 
Integral 
Linearity 
Error 
Relative to Full-Scale, 
Converted 
From % of 
Reading Specification. 
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NOISE 


The noise of the DDCIOI 
improves as the input signal level 
decreases, thus very low level signals can be resolved. Noise 
is shown in the specification 
table for low level inputs. For 
unipolar input range, the DDCIOI 
noise at low level inputs 


is dominated 
by comparator 
noise gained to the output; at 
full scale inputs, the noise is dominated 
by D/A converter 
noise. The noise at low low level inputs is a function of input 
capacitance; 
the noise at full scale is relatively independent 
of input capacitance. 
For bipolar input operation, 
the noise 


is dominated 
by D/A converter noise and is higher than the 


full scale unipolar noise. 


Linearity-As 
a bipolar 
input device, 
the linearity 
of the 


DDCIOI 
is specified as a percentage 
of full scale range that 
does not improve 
with lower 
input signal levels. Perfor- 


mance is generally 
limited by the linearity of the unit when 
operated in the bipolar input mode. 


Noise-In 
general, 
noise is not as important 
as linearity 


when determining total error. The output noise of the DDC 101 
in the bipolar 
mode peaks at midscale 
(zero input signal 
level). Output noise is lower for inputs above and below 
zero. 


RESET CHARGE 
ERROR 


The reset charge error (typically less than 250fC) is an offset 
error that could result from offset voltage, charge injection 
and kT/C errors. The DDCIOI eliminates the effects of reset 
charge errors with correlated 
double sampling. 


DC BIAS VOLTAGE 


The DDCIOI generates a small bias voltage (typically 500JlV) 
at the input. This voltage is impressed on any sensor that is 
connected 
to the input. The DC bias voltage 
is the actual 
virtual ground voltage of the DDClOl. 
The DDCIOI 
input 
comparator 
circuitry 
includes 
an autozero 
circuit 
which 
eliminates this offset internally so that it does not produce an 
output error. 


GAIN SENSITIVITY 
TO V REF 


The DDCIOI 
gain is dependent 
upon the external reference 
voltage, V REF. A change in the value of V REF will be seen as 
a directly proportional 
change in the gain of the DDCIOI. 


FREQUENCY 
RESPONSE 


The DDCIOI 
is a sampling system whose transfer function 
has three 
separate 
frequency 
components. 
These 
compo- 


nents are multiplied 
together 
to make the total frequency 
characteristic 
of the DDCIOI. 
The three components 
are: 


I. Basic Integration 
This is the characteristic 
sin(x)/x response 
of the basic 


integration 
function. 
This response 
is controlled 
by the 


integration 
time of the DDClOl. 


2. Oversampling 
This is the low pass filter characteristic 
of the digital 
filter's 
oversampling. 
This response 
reduces 
the broad- 
band noise in the input signal and the DDCIOI. 
Broad- 
band 
noise 
decreases 
as the 
number 
of oversamples 


increases. 


3. Multiple Integrations 


This is the low pass filter characteristic 
that results when 
the digital filter is used to average multiple integrations. 
This will determine the primary response of the DDCIOI 
if two or more integrations 
are internally averaged. 


See Section 6 for more details. 


SECTION 6 
DETAILED THEORY 
OF OPERATION 


INTEGRATION 
CYCLE 


An integration cycle, as illustrated in Figure II, includes the 
Acquisition 
Time, 
Initial 
Data Point 
Sampling, 
Tracking 


Interval, 
and Final Data Point Sampling. 
The Acquisition 
Time 
is K clock 
periods. 
The 
first 
clock 
cycle 
of the 


Acquisition 
Time is used to reset the integrating 
capacitor, 


C'NT'to zero from the previous 
integration. 
The balance of 


the Acquisition 
Time insures 
that the DDCIOI 
system 
is 


accurately tracking the input signal prior to initial data point 
acquisition. 
Close-ups of the Reset and Acquisition 
time are 


shown in Figures 
12 and 13. 


The Initial Data Point is then sampled M times. The Integra- 
tion cycle time consists 
primarily 
of the Tracking 
Interval 
during which time the DDCIOI 
"tracks" 
the integration 
of 


the input signal. The Tracking 
Interval is followed 
by the 


measurement 
of the Final Data Point with the same user 


selected number of samples, M. M and K are user selectable. 
The entire integration 
cycle consists of N clock periods as 


controlled 
by the user. 


The DDCIOI 
operates 
in continuous 
and non-continuous 


integration 
modes. In the continuous 
mode, one integration 
follows another with no delay from the end of one integra- 
tion to the beginning 
of the next conversion. 
In the non- 


continuous 
mode, each new integration 
is started separately 


under user control. 


The Final Data point Start (FDS) input is the primary user 
control of the integration 
cycle. The FDS input controls the 


end 
of one 
integration 
cycle 
and the 
start 
of the 
next 
integration cycle in both the continuous 
and non-continuous 


integration 
modes. Measurement 
of the M final data point 


samples begins when the FDS input is activated. 


CONTINUOUS 
INTEGRATION 
MODE 


In the continuous 
integration 
mode, the "Final Data Point 
Start" command 
(using the FDS pin) initiates the measure- 
ment of the M final data point samples. 
The ne"t integration 
cycle begins immediately 
after the final data point sampling 
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Final Data 
Point Start 


! 


Aquisition 


I~ K_I~------------- 


Time, 
Clock 
Cycles 


has been completed; 
this occurs M clock periods after the 


FDS transition to "ON". Acquisition, 
Initial Data Point and 
Tracking for the next integration 
follow automatically. 
The 
DDC 101 continues in the Tracking mode until the next FDS 
command initiates the measurement 
of the M final data point 


samples. An FDS command 
is needed for each integration 


cycle. In the continuous 
integration 
mode, the FDS pulse 
width must be less than M clock periods. If the FDS pulse 


is held low past this time of M clock periods, 
the DDClOl 
will reset as for non-continuous 
mode (see also Figure 4). 


In the continuous 
mode of operation, 
the tracking 
logic of 


the DDClOl 
"remembers" 
the integration 
rate of the previ- 
ous integration 
and begins the next integration 
at the rate of 
the previous integration. This allows faster acquisition of the 
signal for the next integration. 
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FIGURE 
13. Close-up 
of Reset and Acquisition 
Time for 
DDCI01. 
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FIGURE 
14. Close-up of End of One Integration 
Cycle and 


Beginning of Next. 


NON-CONTINUOUS 
INTEGRATION 
MODE 
For the non-continuous 
integration 
mode, FDS controls the 
start of the M final data point 
samples 
and the end of 


integration 
as discussed above. In this mode, however, FDS 
is also used to control the start of a new integration 
cycle 
asynchronously 
with the end of the previous 
integration. 


When FDS transitions to "ON", the collection of the M final 
data point samples begins. At the end of each integration, the 
DDClOl 
automatically 
resets the integration capacitance. 
If 
FDS remains "ON" past the end of integration, the DDC 10 1 
will stay in the integration reset state until FDS transitions to 
"OFF". Holding FDS "ON" past the end of integration 
will 


also reset the DDClOl's 
tracking 
logic to zero integration 


rate. 


In non-continuous 
integration 
mode, the initial data point 
measurement 
may 
be less accurate 
since 
the DDClOl's 


internal 
tracking 
logic 
is reset 
at the 
beginning 
of the 


integration 
and tracking may not be accurate for the initial 
data point measurement. 
In this situation, Correlated Double 


Sampling 
(CDS) operation may not be advantageous. 


INTERNAL 
ERROR 
CORRECTION 
The DDClOl 
uses CDS techniques to gain optimum perfor- 
mance. CDS removes internal DDCIOI 
errors which occur 
for a given integration cycle such as, charge injection, kT/C, 
and DDCIOI 
offset errors. Correlated Double Sampling is 


user 
selectable. 
It is recommended 
for most 
continuous 


measurement 
applications. 
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each integration. When operating in the unipolar input range, 
CDS 
functions 
with 
either 
output 
data 
format-straight 
binary or binary two's complement. 
When operating 
in the 


bipolar input range, CDS functions with binary two's comple- 
ment output data format only. 


The errors that CDS removes are charge injection, kT/C and 
DDCI01 
input voltage offset. These errors are very difficult 
to eliminate 
in equivalent 
analog circuits. Charge injection 
errors result from charge that is transferred through the reset" 
switch into the integration capacitor. kT/C errors are switch-"- 
ing errors due to the noise of the resistance 
of the reset 


switch. DDClOl 
voltage offset errors are due to input offset 
of the input comparator. 
Both initial offset and offset drift 
with time and temperature 
are corrected since the correction 


is performed 
each integration 
cycle. 


SINGLE 
CYCLE 
INTEGRATION 
The DDClOl 
acquires charge (q) by integrating 
input cur- 
rent (i) for a specific time (T). That is, 


T 


q = fi dt 


o 


The DDClOl 
acquires up to 500pC of full scale charge per 


integration 
cycle in the unipolar input range, and approxi- 
mately 
±25OpC of full scale charge 
in the bipolar 
input 


range. Therefore, 
for the DDClOl, 
maximum 
values can be 
calculated. 


Unipolar Input Range 
Bipolar Input Range 


500pC = IFS X TINT 
±250pC = ±IFS x T!NT 


Where 
IFS is the full scale input current 
and T!NTis the 


integration 
time of the DDCIOI. 
Examples 
of IFS and TINT 


that equal 500pC and ±250pC 
are shown in the following 


tables. 


The maximum 
average input current that the DDCI0l 
can 


integrate 
is 7.8flA. This results in a minimum 
integration 
time of Mfls for unipolar inputs and 32fls for bipolar inputs. 
Further flexibility is possible with multiple integration cycles 
per conversion 
as described 
in the following 
text. 


INPUT 
RANGE 


Unipolar 
Input Range 


For the unipolar input range, the range of charge for each 
integration 
cycle is from positive full scale of +500pC to a 
slightly negative charge of -1/256 (approximately 
-D.4%) of 


the positive full scale charge. This is +500pC to -1.95pC. 
The negative charge measurement 
capability 
allows for low 


level PC board parasitic leakages. 


Bipolar Input Range 


For the bipolar input range, the range of charge for each 
integration 
cycle is from positive 
full scale of +25OpC to 


negative full scale of -251.95pC. 
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IFS 
T'NT 


1nA 
500ms 
10nA 
50ms 
100nA 
5ms 
l~A 
500~ 
5~A 
100~ 
7.8~A 
64jls 


TABLE 
III. Input Current 
vs Integration 
Time Examples 
for Maximum 
Charge. 
Unipolar 
input range 
maximum charge = 500pC. 


:!lFS 
T'NT 


lnA 
250ms 
10nA 
25ms 
100nA 
2.5ms 
1~A 
250~ 
2.5~A 
100~ 
7.8~A 
32~s 


TABLE 
IV. Input Current 
vs Integration 
Time Examples 


for Maximum 
Charge. 
Bipolar 
input 
range 
maximum charge = ±250pC. 


MULTIPLE 
INTEGRATIONS 


PER CONVERSION 
CYCLE 


If more than 500pC, unipolar (or ±250pC, bipolar) of charge 
must be integrated in one conversion cycle, the DDCIOI can 
be user programmed 
for multiple integrations per conversion 
cycle. This feature can be used to provide for longer conver- 
sion periods for a specific input current other than shown in 
the previous table. The integration 
cycles forming a conver- 
sion cycle may be continuous 
or non-continuous. 
The num- 


ber of integrations 
per conversion cycle, L, can be I, 2, 4, 8, 
16, 32, 64, 
128, or 256. 
The 
multiple 
integrations 
are 
automatically 
averaged in the DOC 101 so that one conver- 
sion result is output per total conversion 
cycle. Note that 
each 
integration 
requires 
individual 
control 
by the FDS 
signal. For example, 
if L = 4, then four FDS signals per 
conversion 
are required. 


FINAL DATA POINT CONFIGURATION 
LIMITS 


In each conversion cycle, the maximum number of final data 
points which can be collected is 256. This means that at the 
extremes, the DDCIOI 
can be setup to perform one integra- 
tion cycle with 256 oversamples, 
or the DDCIOI 
can be 
setup to perform 256 integration cycles with one sample per 
integration 
cycle. The total number of integrations, 
L, mul- 
tiplied by the number of samples per final data point, must 
be 256 or less. As an example, if 16 integration cycles, L, are 
used, the number of samples per final data point must be 16 
or less. 


NOTE: When CDS is used, the initial data points impose no 
additional 
conversion 
sampling limitations. 


FREQUENCY 
RESPONSE 


The DDCIOI 
charge digitizing AID Converter 
is a sampled 
system whose frequency response has three separate compo- 
nents. These components 
arc multiplied together to make the 
total frequency 
characteristic 
of the DDCIOI. 
The three 
frequency 
response 
components 
are shown 
below. 
Each 


~ 
CDAC 
One data output per 
Charge 
conversioncyclewith 
two integrations/conversion 


INTEGRATIONS 
CONVERSION 
MAXCHARGEI 


PER CONVERSION 
IFS 
TIME 
CONVERSION 


L = 1 
10nA 
50ms 
SOOpC 
L=2 
10nA 
lOOms 
1000pC 
L=4 
10nA 
200ms 
2000pC 
L=8 
10nA 
400ms 
4000pC 
L = 16 
10nA 
800ms 
8000pC 
L =32 
10nA 
1.6s 
16000pC 
L=64 
10nA 
3.2s 
32000pC 
L = 128 
10nA 
6.4s 
64000pC 


L = 256 
10nA 
12.8s 
128000pC 


TABLE 
V. Integrations/Conversion 
vs Conversion 
Time. 


Example for multiple integrations 
with unipolar 
input range. 


individual component 
has a sinc (sinx/x) frequency response 
function. 


I. Basic Integration 


This is the characteristic 
sin(x)/x response 
of the basic 
integration 
function. 
This response 
is controlled 
by the 
measurement 
time of the DDCIOI, 
TMEAs; see Figure 16. 


2. Oversampling 
This is the low pass filter characteristic 
of the digital 
filter's 
oversampling. 
This response 
reduces 
the broad- 
band noise in the input signal of the DOC 101. Broadband 
noise decreases as the number of oversamples 
increases. 


This response is controlled by the number of oversamples, 
M; see Figure 
17. 


3. Multiple 
Integrations 
This is the low pass filter characteristic 
that results when 
the digital filter is used to average multiple integrations. 
This will determine the primary response of the DDCIOI 
if two or more integrations 
are internally averaged. This 
response is controlled by the total conversion 
time of the 
DDCIOI; 
see Figure 
18. 


Input frequencies 
are multiplied 
by the DOC 101 frequency 


response. 
The Nyquist frequency 
is fcoNj2, where fcoNVis 
the DDCIOI conversion rate. The highest frequency that can 
be reconstructed 
from 
the output 
data 
is fCON/2. Input 
frequencies 
above Nyquist 
are multiplied 
by the DDClOl 


frequency 
response and are then aliased into DC to fcoNj2. 
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Basic Integration 
Frequency 
Response 
The sin(x)/x basic integration 
characteristic 
is controlled 
by 
the digital filter's measurement 
time (TMEAS)'The measure- 
ment frequency, 
fMEASis Iff MEAS'The input frequency 
re- 
sponse of the DDCI01 
is down -3dB 
at fMEMj2.26with a 
null at fMEAS'Subsequent 
nulls 
are at harmonics 
2fMEAS' 
3fMEAs'4fMEAs,etc. as shown in the frequency response curve 
below. This characteristic 
is often used to eliminate 
known 
interference 
by setting fMEASor a harmonic 
to exactly 
the 
frequency 
of the interference. 
Table VI illustrates 
the fre- 
quency characteristics 
of the DDCIOI 
integration 
function 
for various 
measurement 
times. 
As an example, 
for N = 
2272, K = 16, and M = 256: TMEAS= (N-M-K)/fcLK 
= (2272- 
256-16)/2MHz 
= Ims and fMEAS= 1kHz. TINT= 2272/2MHz 


= 1.14ms; fcoNV= !/TINT= 880Hz. 


MEASUREMENT 
TIME 
-3dB FREQUENCY 
I•••• 
100~ 
4.42kHz 
10kHz 
1ms 
442Hz 
1kHz 
10ms 
44.2Hz 
100Hz 
16.66ms 
26.5Hz 
60Hz 
20ms 
22.1Hz 
50Hz 


Oversampling 
Frequency 
Response 
The M oversamples 
of the initial and the fmal data points 
create 
an oversampling 
sin(x)/x 
type 
of low pass 
fJ.lter 
response. 
The 
oversampling 
function 
reduces 
broadband 
noise of the input signal and the DDCIOI. 
Broadband 
noise 
is reduced approximately 
in proportion 
to the square root of 
the number of oversamples, 
M. As an example, a conversion 
with 128 oversamples 
will have approxi~atelY 
1/2 the noise 
of a conversion 
with 32 oversamples 
( 32/128 = -.f1j4 = 
1/2) The oversampling 
low pass filter response creates a null 


0 


-10 


iil 
-20 


:3- 


<=.iij 
Cl 
-30 


-40 


-50 
O·1fMEAS 


at fos = Iff os' The oversample 
time, Tos, is M/fCLK' For M = 
256 and fCLK = 2MHz, fos is approximately 
7.8kHz. Subse- 
quent nulls are at harmonics 
2fos' 3fos' 4fos' etc. The -3dB 
point 
is at fos/2.26. 
Table 
VII 
illustrates 
the 
DDCIOI 
oversampling 
frequency 
characteristics 
with approximate 


values 
for fos and the -3dB 
frequency. 
An oversampling 


frequency response graph is shown below in Figure 17. This 
figure shows the frequency response for M = 256 oversamples 
with an fCLK of 2MHz . The slope of the attenuation 
curve 


decreases 
at approximately 
2OdB/decade. 


OVERSAMPLES 
(M) 
-3dB FREQUENCY 
los 


256 
3.5kHz 
7.8kHz 


128 
6.9kHz 
15.6kHz 


64 
13.9kHz 
31.2kHz 
16 
55kHz 
125kHz 


Normalized 
DDC101 Frequency 
Response 
The normalized frequency response, H(f), of the DDCIOI that is applied to the input signal consists of the product of the three 
frequency response components: 


() 


sin(m(N-M-K)/fCLK) 
sin(ltfM/fcLK) 
sin(ItfLN/fcLK) 
-jllf(LN-K-I)/f 


H f = ----------. 
------. 
------. 
e 
CLK 


m(N-M-K)lfcLK 
Msin(m/fcLK) 
Lsin(mN"lfcLK) 


is the signal frequency 


fCLK 
is the system clock frequency, typically 2MHz 


N 
is the total number of clock periods in each integration time, TINT= N/fcLK, 
TINTis the DDCIOI 
CDAC's 
integration 
time 


M 
is the number of oversamples 
in one oversampled 
data point 


K 
is the number of clocks used in the acquisition time 


(N-M-K)/fcu 
is the digital filters measurement time, TMEAS'(TMEAS= TINT-{M+K)/fCLK) 


M/fcu 
is the oversample time, Tos 


LN/fcLK 
is the total conversion time for multiple integrations, TCONY 


The DDClOl's 
transfer response has a linear phase characteristic as indicated by the exponential term. 
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FIGURE 17. Oversampling 
Frequency Response for M =256 
(fCLK= 2MHz). 


Multiple Integration 
Frequency 
Response 
If the DDC10l 
is operated 
in the multiple integrations 
per 
conversion 
mode of operation, 
an additional 
sin(x)/x type 
low pass filter is created. 
The filter creates an initial null 
frequency at the conversion frequency, fCONYof the DDCIOI 
and at multiples off CONY'The -3dB point for this filter is also 
at fCONy/2.26.The conversion 
time, TCONY'is the sum of the 
integration 
times for multiple integrations 
that are averaged 
together by the DDC101. 
TCONY= LN/fcLK' fCONY= l/TcONY' 


If multiple 
integrations 
per conversion 
are used, this filter 


will be the dominant 
low frequency 
filter of the DDCIOI. 


Table 
VIII 
shows 
examples 
of the conversion 
time and 
frequency for different parameter selections. Figure 18 shows 
an example 
of the frequency 
response 
due to Multiple 
Integrations. 
In the case of Figure 18, the integration time is 
500lls (N = 1000 clock periods) and L = 64 integrations 
per 


conversion. 


INTEGRATION 
CONVERSION 
-3dS 


TIME 
L 
TIME 
FREQUENCY 
'e"",, 
1ms 
2 
2ms 
221Hz 
500Hz 
1ms 
8 
8ms 
55Hz 
125Hz 
1ms 
16 
16ms 
27.5Hz 
62.5Hz 
1ms 
64 
64ms 
6.9Hz 
15.6Hz 
1ms 
256 
256ms 
1.73Hz 
3.91Hz 
lQms 
2 
20ms 
22.1Hz 
50.0Hz 
10ms 
8 
BOrns 
5.5Hz 
12.5Hz 
lQms 
16 
160ms 
2.75Hz 
6.25Hz 
10ms 
64 
640ms 
0.69Hz 
1.56Hz 
lQms 
256 
2560ms 
0.173Hz 
0.39Hz 


System Noise implications 
The noise at the digital output of the DDCIOI 
consists of 


system noise that is included in the analog input signal and 
noise from the DDCIOI. 


DDClOl 
Noise-The 
noise of the DDCIOI 
includes 
low 
frequency 
and broadband 
noise. The low frequency noise is 


reduced by the integrating function and the CDS function of 
the DDCIOI. 
This 
is reflected 
in the 
basic 
integration 
frequency response and in the multiple integration frequency 
response. The broadband electronic 
noise is reduced prima- 
rily by the oversampling 
function of the DDCIOI 


10 
fJNV 
100 


Frequency (Hz) 


FIGURE 
18. A Multiple 
Integration 
Frequency 
Response 
Example. 


Signal Noise-The 
noise of the input signal is filtered and 
reduced in a manner similar to the DDCIOI 
noise reduction 
through the integrating 
and oversampling 
functions 
of the 
DDCIOI. 


Figures 
19 and 20 show 
the frequency 
response 
of the 
DDCIOI 
for 
the 
product 
of the 
basic 
integration 
and 
oversampling 
frequency response for two different values of 
M. In both examples, 
the integration 
time is lms, the only 
difference 
is in the number of oversamples, 
M; for Figure 


19, M = 256 oversamples 
was used; for Figure 20, M = 32 


oversamples 
was used. The first null frequency 
is fMEASand 


subsequent 
nulls are at multiples of fMEAs'The flfst example 
with the larger number of oversamples 
(M = 256) clearly 


reduces high frequency noise more than the second example 
with M = 32. 


For M = 256, fos is 7.8kHz, fMEASis 1.16kHz, and the -3dB 
frequency 
is 507Hz. For M = 32, fos is 62.4kHz, 
fMEASis 


1.02kHz and the -3dB 
frequency 
is 453Hz. 


c: 
~ 
-20 


-25 


FIGURE 
19. Product of Frequency Response of Basic inte- 


gration and Oversampling: 
Ims Integration 
Time, 256 Oversamples. 
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N =£:VUV 
M :32 
K= 16 


<= 
~ 
-20 


-25 


FIGURE 20. Product of Frequency 
Response of Basic Inte- 


gration 
and Oversampling; 
Ims Integration 
Time, 32 Oversamples. 


Figure 21 shows the frequency response of the DDCIOI and 
an ideal integrator 
with the same integration 
time. In this 
comparison, 
the DDCIOI 
has greater bandwidth 
to the first 
null, but it also has greater out of band attenuation 
which 


reduces 
broadband 
noise significantly. 
If desired, 
the fre- 
quency response of the ideal integrator can be produced by 
passing 
the DDCIOI 
output 
through 
an external 
digital 


filtering function which has the frequency response from DC 
to Nyquist of 


sin(1tfT!NT) • 
1tfT MEAS 
• M sin(ltf If CLK) 
ltfT1NT 
sin(ltfTMEAs) 
sin(ltfM/fcLK) 


This has the effect of further attenuating 
undesired 
signals 
(noise) outside the "passband", 
further increasing the signal- 
to-noise ratio of the DDCIOI and closely emulating the ideal 
integrator's 
signal accumulation 
characteristics. 


1'- 


DDC101 with N = 2000; 


II 
7" L = 1; M = 256; K = 16; 


TCONY= TINT = 2MHzIN = 1ms 
NyqUist 
fMEAS = 2MHzJ(N·M·K) = 1.16kHz 
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~~ 
I 
", 
- t- 
IT~· 
~~. 
j 
I,ll,,'" 
I'~!U~ 


CD-15 
" 
-; -20 
'0; 


" 
-25 


1k 'fMEAS 
10k 


FreQuencv (Hz) 


SETUP 
INPUT 


Software 
Control 
III 


Many of the options of the DDCIOI 
are set through a serial 


bit stream transmitted by the user into the SETUP Input pin. 
The 12-bit word transmitted 
into the SETUP Input is used to 
set the following 
four options, in sequence: 


1. Acquisition 
Time Control, K 
2 bits 


2. Oversampling 
Control 
Samples/lntegration, 
M 


3. Multiple Integration 
Control 


Integrations/Conversion, 
L 


4. Unipolar or Bipolar Input Range 


5. Output Format 


Total for SETUP 


loaded by the user. After the SETUP register is loaded, the 
Reset System input should transition 
to inactive 
while the 


FDS input remains 
active. The FDS should 
transition 
to 


inactive at the start of operation. 
Thereafter, 
Reset System 
should stay inactive and the FDS should be used to control 
each integration 
cycle. 


4 bits 


I bit 


1 bit 


12 bits 


Acquisition 
Time Control, 
K 


This signal sets the acquisition 
time (K clock periods) 
and 
controls the use of Correlated Double Sampling. The acqui- 
sition time occurs at the start of each new integration. 
The 
acquisition 
time control 
can be set to four options: 
"no 
CDS", 
I, 16 or 32 clock periods. 
For typical 
continuous 
integration applications, 
K = 16 is recommended. 
The acqui- 
sition time always begins with one clock period for reset. 
This reset clock period 
is followed 
by 0, 15 or 31 clock 
periods for signal acquisition. 
Correlated 
Double Sampling 
is activated if the initial acquisition 
time is set to 1, 16 or 32 
clock periods. Correlated 
Double Sampling 
is disabled and 
the Initial Data Point is not acquired if "no CDS" is selected. 


RESET 
ACQUISITION 
K 
CLOCKS 
CLOCKS 
CDS 


"No CDS' 
1 
0 
Disabled 
1 
1 
0 
Enabled 


16 
1 
15 
Enabled 
32 
1 
31 
Enabled 


When Correlated Double Sampling is activated, the DDCIOI 
acquires the initial data point for error correction 
as part of 
each conversion. 
At the end of the conversion 
cycle, the 
initial data point is subtracted from the final data point. The 
errors 
that are corrected 
with CDS are charge 
injection, 


kT/C noise, and DDClOl 
voltage 
offset. When Correlated 


Double Sampling is deactivated, 
the initial data point is not 
taken. 
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When operating 
in the unipolar input range, CDS functions 
with either 
output 
data format-straight 
binary 
or binary 
two's 
complement. 
When 
operating 
in the bipolar 
input 


range, 
CDS 
functions 
correctly 
only 
with 
binary 
two's 
complement 
output data format. 


Oversampling 
Control 
Samplesllntegration, 
M 


This control 
sets the number 
of samples, 
M, used by the 
DDCIOI 
to oversample 
the initial and final data points. M 
can be set for these values: 
1,2,4,8, 
16,32,64, 
128,256. 
Broadband 
noise in the conversion 
is reduced 
roughly 
in 


proportion 
to the square root of M. Therefore, 
a conversion 


with 128 oversamples 
will have 1/2 the broadband 
noise of 
a conversion 
with 32 oversamples. 
See the previous 
fre- 


quency response discussion. 


Multiple Integration 
Control, L 


This control sets the number of integrations 
per conversion 


cycle, L. It is used to reduce 
the data rate, increase 
the 
magnitude of the input signal range, and/or reduce the noise. 
The product of L and M must be 256 or less. 


Output Format 


Two output formats are available for either the unipolar or 
bipolar input ranges: 


Binary Two's 
Complement 
(BTC) and Straight Binary. 


For Binary 
Two's 
Complement, 
output 
data format, 
the 
output word is a 21-bit Two's 
Complement 
word. The first 
bit is the sign bit followed 
by the Most Significant 
Bit 
(MSB), 
etc. The output 
range 
is +IOO%FS to -D.4%FS, 
where FS is 500pC. 


CODE 
INPUT SIGNAL 


011111111111111111111 
+100%FS 
+500pC 
011111111111111111110 
+100%FS -lLSB 


00000 
0000 0000 0000 0001 
+1SLB 


o 0000 0000 0000 0000 0000 
Zero 
OpC 
111111111111111111111 
-lLSB 


111111111000000000000 
-<J.4%FS 
-1.95pC 


For Straight Binary output data format, the output is a 20-bit 
straight binary word. The first bit is the Most Significant Bit 
(MSB), etc. The output range is +99.6%FS 
to --o.4%FS in 
which +99.6%FS represents positive full scale and -D.4%FS 
represents 
the minimum 
input. 


CODE 
INPUT SIGNAL 


11111111111111111111 
+99.6%FS 
498.05pC 
11111111111111111110 
+99.6%FS -1LSB 


0000 0001 00000000 
0001 
+lLSB 


00000001 
000000000000 
Zero 
0000 0000 0000 0000 0000 
-O.4%FS 
-1.95pC 


TABLE XI. Straight Binary Code Table - 
Unipolar Input 


Range. 


BIPOLAR 
INPUT 
RANGE 


For Binary 
Two's 
Complement, 
output 
data 
format, 
the 
output word is a 21-bit Two's 
Complement 
word. The first 


bit is the sign bit followed 
by the Most 
Significant 
Bit 
(MSB), etc. The output range is +IOO%FS to -100.8%FS, 
where FS is 25OpC. For the bipolar input range, the output 
code table changes with the use of Correlated 
Double Sam- 


pling (CDS). (There is no difference with or without CDS in 
the output code table when using the unipolar input range.) 


CODE 
INPUT SIGNAL 


011111111111111111111 
+100%FS 
+250pC 
011111111111111111110 
+100%FS -1LSB 
o 1000 0000 0000 0000 0001 
+lLSB 
o 1000 0000 0000 0000 0000 
Zero 
OpC 
001111111111111111111 
-lLSB 


o 0000 0000 0000 0000 0001 
-100%FS 
+ lSLB 


o 0000 0000 0000 0000 0000 
-100%FS 
-250pC 


111111111000000000000 
-100.8%FS 
-251.95pC 


TABLE XII. BTC Code Table - 
Bipolar Input Range with- 
out CDS. 


CODE 
INPUT SIGNAL 


001111111111111111111 
+100%FS 
+250pC 
001111111111111111110 
+100%FS-1LSB 


o 0000 0000 0000 0000 0001 
+lLSB 
o 0000 0000 0000 0000 0000 
Zero 
OpC 


111111111111111111111 
-lLSB 
1 1000 0000 0000 0000 0001 
-100%FS 
+ 1LSB 


1 1000 0000 0000 0000 0000 
-loo%FS 
-250pC 


101111111000000000000 
-100.8%FS 
-251.95pC 


TABLE XIII. BTC Code Table - 
Bipolar Input Range with 
CDS. 


For Straight Binary output data format with the bipolar input 
range, the output is a 20-bit straight binary word. The first 
bit is the Most Significant 
Bit (MSB), etc. The output range 


is +IOO%FS to -IOO%FS 
in which 
+IOO%FS represents 


positive full scale and -IOO%FS represents the negative full 
scale. When using the straight binary output data format 
in 
bipolar 
input range, 
do not use CDS. 
This will cause 
a 
negative overflow to occur. 


CODE 
INPUT SIGNAL 


11111111111111111111 
+100%FS 
+250pC 


11111111111111111110 
+100%FS -1LSB 


1000 0000 0000 0000 0001 
+lLSB 


1000 0000 0000 0000 0000 
Zero 
OpC 
01111111111111111111 
-lLSB 


0000 0000 0000 0000 0000 
-100%FS 
-250pC 


TABLE XIV. Straight Binary Code Table - 
Bipolar Input 


Range without CDS. 


SETUP INPUT CODE 


Acquisition 
Time Control-K 
- 2 bits 


CODE 
RESULT 


00 
1 Reset dock 
period, 0 clock period Acquisition 
Time. 


CDS disabled, 
no initial data point, 


01 
1 Reset 
clock 
period, 
0 clOd<. 
periOd 
Acquisition 
Time 
10(1) 
1 Reset clock period, 15 clock period Acquisition Time 


11 
1 Reset clock period, 31 clock period Acquisition 
TIme 
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Oversampling 
Control 
Samplesllntegration-M 
- 4 bits 


CODE 
SAMPLES 
PER INTEGRATION 


0000 
1 
0001 
2 


0010 
4 
0011 
8 
0100 
16 


0101 
32 
0110 
64 
0111 
128 
lXXX 
256 


Multiple Integration 
Control 
IntegrationslConversion-L 
- 4 bits 


CODE 
INTEGRATIONS 
PER CONVERSION 


0000 
1 
0001 
2 


0010 
4 
0011 
8 
0100 
16 
0101 
32 
0110 
64 
0111 
128 
lXXX 
256 


INPUT RANGE 


Unipolar 
Bipolar 


OUTPUT FORMAT 


Binary Two's Complement 
Straight Binary 


SECTION 7 
APPLICATIONS INFORMATION 


BASIC PRINTED 
CIRCUIT 
BOARD LAYOUT 


As with any precision circuit, careful printed circuit layout 
will ensure best performance. 
Make short, direct intercon- 
nections and avoid stray wiring capacitance-particularly 
at 
the analog input pin. Digital signals should be kept as far 
from the analog input signals as possible on the PC board. 


Leakage currents between 
PC board traces can exceed the 
input bias current 
of the DDClOl 
if care is not taken. A 
circuit board "guard" pattern for the analog input pin and for 
the PC board trace that connects 
to the analog input pin is 
recommended. 
The guard pattern reduces leakage effects by 
surrounding 
the analog 
input 
pin and trace 
with 
a Jow 
impedance 
analog 
ground. 
Leakage 
currents 
from 
other 


portions 
of the circuit 
will flow 
harmlessly 
to the low 
impedance 
analog ground rather than into the analog input 
of thc DDCJOI. 
Analog 
ground 
pins are placed 
on either 
side of the analog input pin in the DDCIOI package to allow 
convenient 
layout of guard patterns. Figure 22 illustrates the 
use of guard patterns to protect the analog input. 


Guard 


pa~ 


FIGURE 
22. PC Board Layout 
Showing 
"Guard" 
Traces 


Surrounding 
Analog Input Pin and Traces. 


Power Supplies 
•• 
The ±SVDC 
supplies 
of the DDClOl 
should be bypassed"- 


with 
IOI!F solid tantalum 
capacitors 
and O.I!!F ceramic 


capacitors. 
The supplies 
should 
each have 
a 1O!!F solid 
tantalum capacitor at a central point on the PC board. Each 
of the DDClOl 
power supply lines (Vs+, Vs-, VDD+)should 
have a separate O.II!F ceramic capacitor 
placed as close to 


the DDCIOI 
package 
as possible. 


The digital power supply voltage, VDD+ must be equal to or 
less than the analog power supply voltage, Vs+' The analog 
power supply, Vs+' is connected 
to pins 5 and 6, these pins 


should be hardwired 
together on the printed circuit board at 
the pins for best performance. 


VDD+ should be as quiet as possible 
with minimal 
noise 
coupling. It is particularly 
important to eliminate noise from 
VDD+ that 
is non-synchronous 
with 
DDCIOI 
operation. 


Figure 23 illustrates 
two acceptable 
ways to supply VDD+ 
power to the DDClOl. 
The first case shows two separate 


+SVDC supplies for VDD+and Vs+' The second case shows 
the VDD+ power supply derived from the Vs+ supply as used 
on the DDClOl 
Evaluation 
Fixture 
Device 
Under 
Test 
(DUT) board. 
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Vs-,ANALOG 


ANALOG COMMON 


ANALOG INPUT 


ANALOG COMMON 


Vs+,ANALOG 


Vs+, ANALOG 


+ Analog 
Common 


V 
Digital 
Common 


Reference 
Buffer Bypass 
/ 


Reference 


25kn 
Bias 


Resistor 


Reading 
Data Output 


Data from the previous conversion can be read any time after 
the DATA VALID output is activated and before the end of 
the next conversion. 
Data is held in an internal serial shift 


register until the end of the next conversion. 
The data must 
be completely 
read before the end of the next conversion 
or 
it will be overwritten 
with new data. 


Recommended 
Setup 


The following 
Setup parameters 
are recommended, 
in gen- 
eral, for use with the DDCIOI 
with integration times of Ims 
or longer. Multiple integrations 
per conversion, 
where prac- 


tical, will provide lowest noise as illustrated 
in the typical 
performance 
curves. 


Measurement 
Time Calculation 


FUNCTION 
RECOMMENDED 


Acquisition 
Clocks, 
K 
16 


Oversamples, 
M 
128 


CDS 
Enabled 


A Continuous 
Integration 
Cycle consists of the Acquisition 
Time, Initial Data Point Collection, 
Tracking 
Interval, 
and 
Final 
Data 
Point 
Collection. 
The 
user 
can 
select 
these 


functions 
as illustrated 
in Table XV. 


The time between "Final Data point Start" commands 
is the 
Integration Time, TINT'The Measurement 
Time, T MEAS' is the 


Integration time reduced by the Acquisition Time and by the 
Oversampling 
Time, TOS' 


TMEAS = TINT- TACQ 
- Tos· 


When CDS is used; Tos' the oversampling 
time, is the time 


required 
to collect 
a data point (M clock periods). 
Each 


group of samples is averaged with the result at the midpoint 
of each sample group. Therefore, 
with CDS, Tos = M clock 


periods. This is shown in Figure 25. 


Two 
calculations 
of the Measurement 
Time 
are 
shown 


USER 
FUNCTION 
CLOCK CYCLES 
CONTROLLED 


Acquisition 
Time, 
K 
1,16,32 
Yes 


Initial Data Point 
Samples. 
Mill 
1, 2, 4, 8. 16, 32,64, 128, 256 
Yes 


Tracking 
Interval 
Variable 
Yes 


Final Data Point 
Samples, 
Mill 
1,2,4,8,16,32,64.128,256 
Yes 


NOTE: (1) Will be the same in CDS mode. initial Data Point Samples: 
0 in non· 


CDS mode. 
TABLE XV. Components 
of Integration 
Cycle. 
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oig~al I· 


output 


Final Data 


Point Start 
! 


USER SETTING 
MEASUREMENT 


FUNCTION 
(Clock 
Cycles) 
TIME 
(Celculated) 


Integration Time (TM) 
1ms 


Acquisition 
Time K 


(T.col 
16 
8J'S 


Inrtial Data Point 
Samples, M 
128 
64~s 


Measurement 
TIme 
928J'S 


Final Data Point 
Samples, M 
128 
~s 


below: one with Correlated Double Sampling (CDS) and the 
other without CDS. Each example assumes that the recom- 
mended system clock frequency 
of 2MHz is used and that 
the time between "Final Data 
point Start" commands, 
(the 
integration 
time, TINT)is Ims. 


Example 
with CDS. The Measurement 
Time with CDS is 
calculated 
as the 
Integration 
Time (TINT)of Ims less TACQ 


and Tos' Tos' the oversampling 
time, is 1/2 of the Initial Data 
Point time plus 
1/2 the Final Data Point time since each 
group of samples is averaged with the result at the midpoint 
of each sample group. 


Therefore, 
the Measurement 
Time = Ims -(8 + 32 + 32)lls 


= 928Ils. 


Example 
without 
CDS. The Measurement 
Time without 
CDS is calculated 
as the Total Integration 
Time (TINT)of 
Ims less TACQ and Tos. Tos' the oversampling 
time, is 1/2 of 
the Final Data Point time since this group of samples 
is 
averaged with the result at the midpoint of the sample group. 
Therefore, 
the Measurement 
Time = Ims -(0.5 + 32)lls 


= 967.5flS· 


USER SETTING 
MEASUREMENT 


FUNCTION 
(Clock 
Cycles) 
TIME 
(Calculated) 


Integration Time (T Off) 
1ms 


Acquisition 
Time, 
K 
(T.co> "No CDS' 
1 
O.5j.ls 


Initial 
Data 
Point 
Samples 
None 
OJ'S 


Measurement 
Time 
967.5J'S 


Final Data Point 
Samples, M 
128 
64~s 


Input Current 
Calculation 


The following formula calculates the input current from the 
actual DDC output: 


500 
C. [ DDC output] 


. 
p 
220 


1 = --------- 
TMEAS 


500 
C.[DDCOUtput] 


. 
p 
220 


1 = ---------------- 


TINT - K clock periods - M clock periods 


500 C. [ DDC output] 
. 
p 
220 
1 = --------- 
TMEAS 


500 
C.[DDCoutputJ 


. 
P 
2W 


1 = ------------------ 


T!NT - K clock periods - M / 2 clock periods 
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DATA 
TRANSMIT 
In 


DATA 
TRANSMIT 
In 


MULTIPLE 
DDC101 
OPERATION 


Multiple DOC lOl units can be connected in serial or parallel 
configuration 
as illustrated 
in Figures 26 and 27. 


DATA OUTPUT can be used with DATA INPUT to "daisy 
chain" 
the output 
of several 
DDClOI 
units 
together 
to 
minimize 
wiring; in this mode of operation, 
the serial data 
output is shifted through multiple DDClOls 
(Figure 26). 


DATA OUTPUT 
is in a high impedance 
state until DATA 
TRANSMIT 
In is active. In this way, several DDClOl 
units 


can be connected 
in parallel 
to be enabled 
by the DATA 
TRANSMIT 
In line (Figure 27). 


DDC101 EVALUATION 
FIXTURE 


The DEM-DDCIOIP-C 
Evaluation Fixture is highly recom- 
mended for initial evaluation 
of the DDClOl. 
It is designed 
for ease of use. The only additional equipment required to do 


DATA 


TRANSMIT 


In 


a complete evaluation of the performance 
of the DDClOI 
is 
an IBM compatible 
PC with EGA 
or VGA 
graphics, 
a 
parallel 
interface port, a laser printer (optional), 
a ±5VDC 
power supply, and a signal source. 


The DEM-DDClOlP-C 
software 
is mouse compatible 
and 
retrieves 
data from up to 32 DDClOls 
in an easy to read, 


graphical 
format 
on the screen. 
The 
DEM-DDClOlP-C 
Evaluation 
Fixture 
includes 
a PC Interface 
Board 
(with 
necessary parts), a DDClOI 
Board, a 25-pin ribbon connec- 
tor and a 34-pin ribbon connector. 
The PC Interface 
Board 
makes timing commands and access to and from the DOC 101 
test board possible through the provided PC software. Data 
sheet, LI-439, provides complete information 
describing 
the 
evaluation 
fixture. 
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BURR - BROWN® 
IElElI 
DSP101 
DSP102 


DSP-Compatible 
Sampling 
Single/Dual 
ANALOG-TO-DIGITAL 
CONVERTERS 


• 
ZERO-CHIP 
INTERFACE 
TO STANDARD 
DSP ICs: AD, AT&T, MOTOROLA, 
TI 


• 
SINGLE 
CHANNEL: 
DSP101 


• 
DUAL CHANNEL: 
DSP102 
Two Serial Outputs 
or Cascade 
to Single 
32-Bit Word 


• 
SAMPLING 
RATE TO 200kHz 


• 
DYNAMIC 
SPECIFICATIONS: 
Signal/(Noise 
+ Distortion) = 88dB; 


Spurious-Free 
Dynamic 
Range = 94dB; 
THD = -91dB 


• 
SERIAL 
OUTPUT 
DATA COMPATIBLE 
WITH 16-,24-, 
AND 32-BIT DSP IC 
FORMATS 


Analog 


Input 
Channel A 


Analog 
Input 
Channel B 


The DSPIOI 
and DSPlO2 are high performance 
sam- 


pling analog-to-digital 
converters 
designed 
for sim- 
plicity of use with modern 
digital 
signal processing 


ICs. Both are complete with all interface logic for use 
directly with DSP rcs, and provide full sampling and 
conversion 
at rates up to 200kHz. 


The DSPIOI 
offers a single conversion 
channel, with 
18 bits of serial data output, allowing the user to drive 
16-bit, 24-bit, or 32-bit DSP ports. The DSPI02 
offers 


two complete 
conversion 
channels, 
with either 
two 


full I8-bit 
output 
ports, or a mode to cascade 
two 


16-bit conversions 
into a 32-bit port as one word. 


Both the DSPIOI 
and DSPlO2 are packaged 
in stan- 


dard, low-cost 
28-pin plastic DIP packages. 
Each is 


offered in two performance 
grades to match applica- 


tion requirements. 


Channel A Datal 
Cascaded Data 


Sync 
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SPECIFICATIONS 


ELECTRICAL 


DSP101JP 
DSP101KP 
,.. 


DSP102JP 
DSP102KP 
0 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
,.. 
c.. 


RESOLUTION 
18 
Bits 
en 
ANALOG 
INPUT 
C 
Voltage Range 
±2.75V 
V 


Impedance 
1 
kn 
Capacitance 
20 
pF 


THROUGHPUT 
SPEED 


Complete 
Cycle 
Acquisition 
+ Conversion 
5 
~ 


Throughput 
Rate 
200 
kHz 


AC ACCURACy(1) 
en 


Signal-to~{Noise 
+ Distortion} 
Ratio 
fiN = 1kHz 
83 
86 
86 
88 
dB(2) 
I- 


fiN = 1kHz (43OdB) 
32 
dB 
Z 
fiN = 25kHz 
82 
dB 
W 
Total Harmonic 
Distortion 
fiN 
= 1kHz 
-90 
436 
-91 
439 
dB 
Spurious-Free 
Dynamic 
Range 
fiN 
= 1kHz 
89 
92 
92 
94 
dB 
Z 
Signal-to-Noise 
Ratio (SNR) 
fiN = 1kHz 
84 
88 
87 
89 
dB 
0 
DC ACCURACY 
c.. 


Gain Error 
±5 
% 


== 


Gain Error Mismatch 
DSP102 Channels 
±2 
% 


Integral Linearity 
±2.75V 
Input Range 
Sufficient to meet AC Accuracy 
Specifications 
0 
Differential 
Linearity 
±2.75V 
Input Range 
Sufficient to meet AC Accuracy 
Specifications 
0 
Integral Linearity 
Error 
±O.7V Input Range 
±0.003 
% 


Differential 
Linearity 
Error 
±0.7V 
Input Range 
±0.002 
% 
Z 
No Missing Codes 
±0.7V 
Input Range 
14 
Bits 


Bipolar Zero Error 
(3) 
±2 
mV 
0 
Bipolar Zero Mismatch 
(3) 
DSP102 Channels 
±2 
mV 
i= 
Power Supply Sensitivity 
-5.25V 
< V.- 
< -4.75V 
430 
dB 


+4.75V 
< VA+' Vo+ 
< +S.25V 
430 
dB 
en 
SAMPLING 
DYNAMICS 


Aperture 
Delay 
30 
ns 
::::) 


Aperture 
Jitter 
100 
ps, rms 
0 
Transient 
Response 
1 
~ 
0 
OvelVoltage 
Recovery 
5 
~ 


DIGITAL 
INPUTS 
« 
Logic Levels (Except OSC1) 


~ 


VIL 
IL = ±10~A 
0 
+0.8 
V 
V,H 
IH = ±101JA 
+2.4 
+5 
V 
<r: 
OSCl 
Clock 
74HC Compatible 
Frequency 
16 
MHz 
C 
Data Transfer Clock (XCLK) 
en 
Frequency 
0.1 
12 
MHz 
Duty Cycle 
40 
50 
60 
% 


Conversion 
Clock (ClKIN) 
a: 
Frequency 
0.5 
5.33 
MHz 
W 
Duty Cycle 
25 
33 
55 
% 
I- 


DIGITAL 
OUTPUTS 
a: 
Format 
Serial; MSB first; 16/18-bit and Cascaded 
32-bif Mode 
W 
Coding 
Binary Two's Complement 
> 
logic 
levels 
(Except OSC2) 
I 
I 
I 
I 
I 
VOL 
ISINK 
= 4mA 
0 
+0.4 
V 
Z 
VOH 
ISOURCE 
= 4mA 
+2.4 
+5 
V 
0 
OSC2 
Can only be used to drive crystal oscillator. 


Conversion 
Clock (CLKOUT) 
0 
Drive Capability 
±2mA 
mA 
C 
POWER SUPPLIES 
Rated Voltage 
C( 


V.+ 
+4.75 
+5 
+5.25 
V 
V.- 
-5.25 
-5 
-4.75 
V 
Va 
+4.75 
+5 
+5.25 
V 


Power Consumption 
XClK 
= OSC1 • 12MHz 
250 
425 
mW 
Supply Current 
XClK 
= OSC1 • 
12MHz 


1.+ 
30 
45 
mA 
1.- 
-18 
-25 
mA 
10 
5 
15 
mA 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
'C 
Storage 
435 
+125 
'C 
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TYPICAL PERFORMANCE CURVES 


SINAD means Signal-to-(Noise 
+ Distortion) Ratio. 
SNR means Signal-to-Noise 
Ratio excluding harmonics 
thru the 8th. 


THD means Total Harmonic Distortion thru 8th harmonic. 
SFDR means Spurious Free Dynamic Range, including 
harmonics. 


-30 
iil 
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"0 
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.~ 
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-90 


-120 
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-20 


iil 
-40 
:E...~ 
-60 
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-60 


-100 
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50 


Frequency (kHz) 


50 


Frequency (kHz) 


-20 


iil 
-40 
:E...~ 
-60 


'" 
C> 
'"::; 
-60 


-100 


50 


Frequency (kHz) 


iil 
-40 
:E... 
"0 
-60 
..2c 
'"'"::; 
-60 


50 


Frequency (kHz) 


DSP102 CHANNEL SEPARATION 
ON CHANNEL 
B WITH 


±2.75V, 1kHz INPUT ON CHANNEL A 
DYNAMIC PERFORMANCE 
vs TEMPERATURE 
80 
-60 


fiN 
E 1kHz. ±2.75V 


-20 
iil 
:E. 


85 
-65 
a: 
iil 
-40 
0u. 
:E. 
(/) 
SINAD 
iil 
.. 
"0 
"0 
-60 
c 
90 
-90 


:E. 


.~ 
<II 
0 
a: 
THO 
:I: 
'" 
Z 
•... 


'" 
(/) 
::; 
-60 
ci 
SNR 
< 
95 
-95 
z 
-100 
en 


50 


Frequency (kHz) 


BURR-BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
11:11:11 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 


DYNAMIC PERFORMANCE 
vs TEMPERATURE 
(fs: 
180kHz Asychronous 
to 12.288MHz 
Crystal Between OSC 1 and OSC2) 
-70 


-75 
iil 
:!< 
a: 


-80 
0u. 


iil 
(/) 


-85 
:!< 
-g 
0 
'" 
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I- 
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(/) 
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Ui 
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a: 
~ 
80 


(/) 
." 
~ 
85 
a:z 


~ 
90 
«z 
Ui 
95 


25 
70 
85 


Ambient Temperature 
(OC) 


DChannel A 


_Channel 
B 


o 


Code 
FFF1 
Voltage 
-1.26mV 
0000 


,OV 


Output Code and Equivalent Voltage 
(Binned at 16·bit level) 


100 


90 


80 


70 
iil 
60 
:!< 
0 
50 
«z 
40 
Ui 


30 


20 


lli2 
7~V I~p~t '(Jd~ll 


±0.275V Input (-20dB) 


±2.75mV 
Input (-80dB) 


10 
o 


0.1 
10 


Input Frequency (kHz) 


DYNAMIC PERFORMANCE 
vs TEMPERATURE 


(Data Analysis Over Full 0 to 100kHz Band) 


75 
-75 


fiN = 1kHz, ±2.75V 


80 
-80 


SINAD 


85 
SNR 
-85 


90 
-90 


THD 


95 
-95 


DYNAMIC PERFORMANCE 
vs CONVERSION 
RATE 
(Data Analysis over Full 0 to fs/2 Band, 


OSC1 = 12.288MHz, XCLK = 3.072MHz) 
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No 
.•...- 
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.•...a. 
encI. 
en 
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-85 
~ 
en 
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~«c 
ufa:w 
•••a:w>zoo 
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27 
REF 
CASC 
22 
.5V 
BrOel 
& Kjaer 
6 Pole, 
Model 1049 
1kHz 
150kHz 
I. 
0.1~F 
12 
SSF 
Digital Signal 
±2.75V 
Low-Pass 
-.:- 
2 
Generator 
Filter 
VINA 
13 
OSCl 


VA+ to Analog Common. 
+7V 


VA- 
to Analog Common.. 
-7V 


Vo to Digital Common.. 
+7V 


Analog Common to Digital Common.. 
. 
±1V 


Control Inputs to Digital Common. 
-0.5 to Vo + O.5V 
Analog Input Voltage. 
. 
±5V 
Maximum Junction Temperature. 
1S00C 
Internal Power Dissipation _. 
. 
825mW 
Lead Temperature 
(soldering, 
10s) . 
.......• 3000C 
Thermal Resistance, 
8JA• Plastic DIP.. 
. 
50OCIW 


VPOT 


VIN 


MSB 


VOS 


VA- 


VA' 


DGND 
DSP101 


DGND 


Vo 


CLKIN 


CLKOUT 


SSF 


OSC1 


OSC2 
14 


28 
AGND 


REF 


CAP 


DGND 


CONY 


XCLK 


15 
SYNC 


CLKOUT 
11 


VPOTA 
10 


~10~F 


CLKIN 


-.:- 


25 
21 
VINB 
CONY 


26 
16 
8M Hz 


XCLK 


VPOTB 
SYNC 
15 
• 
I.l0~F 
SOUTA 
20 
-.:- 


Burr-Brown 
ZPB34 
DSP 


Processor 


PIN # 
NAME 
DESCRIPTION 


1 
VPOT 
Trim Reference Out. 1O~F Tantalum 
to AGND. 


Voltage on this pin is approximately 
2.75V. 
2 
VIN 
Analog In. 
3 
MSB 
MSB Adjust In. 
4 
VOS 
VOS Adjust In. 
5 
VA- 
-5V Analog Power. 
6 
VA' 
+SV Analog Power. 
7 
DGND 
Digital Ground. 
8 
DGND 
Digital Ground. 
9 
Vo 
+SV Digital Power. 


10 
CLKIN 
Conversion 
Clock In. 


11 
CLKOUT 
Conversion 
Clock Out. Can drive multiple 


DSP101/DSP102s 
to synchronize 
conversion. 


12 
SSF 
Select Synch Format In. If HIGH, SYNC will be 
active High. If LOW, SYNC will be active Low. 
See timing diagram (Figure 1). 


13 
OSCI 
Oscillator 
Point 1 InpuUExternal Clock In. If using 


external clock, drive with 74HC logic levels. 
Connect to DGND if not used. 


14 
OSC2 
Oscillator 
Point 2 Output. Provides drive for 
crystal oscillator. 
Make no electrical connection 
if 


using external clock. 


15 
SYNC 
Data Synchronization 
Out. Active High when SSF 
is HIGH; active Low when SSF is LOW. 


16 
XCLK 
Data Transfer Clock In. 


17 
No Internal Connection. 


18 
TAG 
User Tag In. Data clocked into this pin is 
appended to the conversion 
results on SOUT. 


See timing diagram 
(Figure 1). 


19 
No Internal Connection. 


20 
SOUT 
Serial Data Out. MSB first, Binary Two's 
Complement 
format. 


21 
CON V 
Convert Command 
In. Falling edge puts converter 
into hold state, initiates conversion, 
and transmits 


previous conversion 
results to DSP IC with 
appropriate 
SYNC pulse. 


22 
DGND 
Digital Ground. 


23 
No Internal Connection. 


24 
No Internal Connection. 


25 
No Internal Connection. 


26 
CAP 
Bypass Capacitor. 
10~F Tantalum to AGND. 
Vollage on this pin Is approximately 
2.7V. 


27 
REF 
Reference 
Bypass. 0.1~F Ceramic to AGND. 
Voltage on this pin is approximately 
3.8V. 


28 
AGND 
Analog Ground. 
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DSP102 
PIN CONFIGURATION 


Top View 
DIP 


VPOTA 
28 
AGND 


VINA 
REF 


MSBA 
VPOTB 


VOSA 
VINB 


VA- 
MSBB 


VA+ 
VOSB 


DSP102 
DGND 
CASC 


DGND 
CONV 


Vo 
SOUTA 


CLKIN 
TAGB 


CLKOUT 
TAGA 


SSF 
SOUTB 


OSCl 
XCLK 


OSC2 
14 
15 
SYNC 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


DSP101JP 
28-Pin Plastic DIP 
215 
DSP101KP 
28·Pin Plastic DIP 
215 
DSP102JP 
28-Pin Plastic DIP 
215 
DSP102KP 
28-Pin Plastic DIP 
215 


NUMBER 
SIGNAL-TO- 
OF 
(NOISE + DIST.) RATIO 
MODEL 
CHANNELS 
dBmln 


DSP101JP 
1 
83 
DSP101KP 
1 
86 
DSP102JP 
2 
83 
DSP102KP 
2 
86 


DSP102 
PIN ASSIGNMENTS 


PIN # 
NAME 
DESCRIPTION 


VPOTA 
Channel A Trim Reference 
Out. 10llF Tantalum to 
N 
AGND. Voltage on this pin is approximately 
2.75V. 
0 
2 
VINA 
Channel A Analog In. 
.•... 
3 
MSBA 
Channel A MSB Adjusl In. 
- 
4 
VOSA 
Channel A vas Adjust In. 
.•... 


5 
VA- 
-5V Analog Power. 
0 
6 
VA+ 
+SV Analog Power. 
.•... 


7 
DGND 
Digilal Ground. 
Q. 


8 
DGND 
Digital Ground. 
en 
9 
Vo 
+SV Digital Power. 
C 
10 
CLKIN 
Conversion 
Clock In. 
11 
CLKOUT 
Conversion 
Clock Out. Can drive multiple 
DSP1011 


DSP102s to synchronize 
conversion. 


12 
SSF 
Select Synch Format In. If HIGH, SYNC will be 
active High. If LOW, SYNC will be active Low. See 
liming diagram (Figure 1). 


13 
OSC1 
Oscillator 
Point 1 Inpull 
External Clock In. If using 
en 
external clock, drive with 74HC logic levels. 
t- 
Connect to DGND 
jf not used. 
Z 
14 
OSC2 
Oscillator 
Point 2 Output. Provides drive for crystal 
oscillator. 
Make no electrical connection 
if using 
W 
external clock. 
Z 
15 
SYNC 
Data Synchronization 
Out. Active High when SSF 
0 
is HIGH; active Low when SSF is LOW. 
Q. 


16 
XCLK 
Data Transfer Clock In. 
~ 
17 
SOUTB 
Channel B Serial Data Out. MSB first, Binary 
Two's Complement 
format. 
0 


18 
TAGA 
Channel A User Tag In. Data clocked into this pin 
0 
is appended to the conversion 
results of SOUTA. 
Z 
See liming diagram (Figure 1). 


19 
TAGB 
Channel B User Tag In. Data clocked into this pin 
0 
is appended to the conversion 
results of SOUTB. 
i= 
See liming diagram (Figure 1). 


20 
SOUTA 
Channel A Serial Data Out. MSB first, Binary 
~ 
Two's Complement 
format. If CASC is HIGH, 32 
bits of data output, with first 16 bits being Channel 
;:) 
Adala. 
0 
21 
CONV 
Convert Command 
In. Falling edge puts converter 
0 
into hold state, initiates conversion, 
and transmits 
<C 
previous conversion 
results to DSP IC with 
appropriale 
SYNC pulse. 
~ 
22 
CASC 
Select Cascade Mode In. If HIGH, DSP102 
transmits a 32-bit word on SOUTA, with the first 16 « 
bits being data on Channel A. If LOW, DSP102 
transmits data for both channels simultaneously. 
C 


23 
VOSB 
Channel B VOS Adjust In. 
en 
24 
MSBB 
Channel B MSB Adjust In. 
25 
VINB 
Channel B Analog In. 
a: 
26 
VPOTB 
Channel B Trim Reference Out. 10~F Tantalum 
to 
W 
AGND. Voltage on this pin is approximately 
2.75V. 
27 
REF 
Reference 
Bypass. 0.1~F Ceramic 10 AGND. 
t- 


Voltage on this pin is approximately 
3.8V. 
a: 
28 
AGND 
Analog Ground. 
W>Z00c« 


The information provided herein is believed to be reliable: however. BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR·BRQWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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-IC-'-SC-.'-o-w-,-, 
O-S-P-lO-')----------x 
Bit 1 (MSB) 
X 
Bit 2 


110 
.111 ..• 


T.GA18 
~x 
TAGBil1 
X 
TAG Bit 2 


____________ 
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.t,. 


X 
""(MSB) 
X 


SYMBOL 
DESCRIPTION 
(C, = 50pF) 
MIN 
MAX 
UNITS 
Conversion 
Clock T1mlng (2) 


I, 
XCLK period. Duty Cycle 50% ±10% 
83 
ns 


I, 
Convert 
Command 
LOW Time 
50 
ns 


13 
ConvBrt PBriod (CASC - LOW on DSP102) 
24 
t, 


4 
ConvBrt PBriod (CASC = HIGH on DSP102) 
40 
t, 
OSCl 


Is 
SYNC Active Delay after Convert Falling Edge 
t, +40 
2 t, 
ns 


• 


SYNC LOW to HIGH Delay from XCLK Rising 
15 
ns 
~1 


t, 
SYNC HIGH to LOW Delay from XCLK Rising 
15 
ns 
CLKOUT -{ 
\ 
\ 
Ie 
SOUTNB 
Data Valid Delay from XCLK Rising 
15 
ns 
t, 
SOUTNB 
Data Valid After from XCLK Rising 
10 
ns 
113- 


ttO 
TAGNB 
Dala Setup before XCLK Rising 
20 
ns t 
.1 
~j 


t" 
TAGNB 
Data Hold after XCLK Rising 
0 
ns 
CLKIN 
\ 


t" 
OSCl 
Period.!') Duty Cycle 50% ± 10% 
62 
667 
ns 


t" 
CLKOUT Period. Duty Cycle 33% ± 10% 
3 t" 
ns 
t'4- 


t" 
CLKIN Period. Duty Cycle 33% ± 20% 
186 
2000 
ns 


t" 
CLKIN HIGH 
62 
1050 
I" 
I" 


t" 
CLKIN LOW 
84 
1340 


NOTES: (1) When using a DSP IC in a 16·bit mode, these data bits will be ignored by the processor. (2) fosc, 
must be at least 72 times faster than the conversion 
rate. (13, 4 ~ 72 112) 


The DSPlOl 
and DSP102 
are sampling 
analog-to-digital 
converters 
optimized 
for handling 
dynamic 
signals. 
They 


have complete 
logic interface circuitry for ease of use with 
standard 
digital 
signal processing 
ICs, and transmit 
data 
words 
in a serial 
stream. 
The 
successive 
approximation 
conversion 
architecture 
is combined with an inherently sam- 
pling switched 
capacitor 
array to provide 
maximum 
user 
flexibility 
over sampling and conversion 
timing. 


The DSPlOl 
and DSP102 are pipelined internally. When the 
user gives a convert command 
at time (t), two actions are 
initiated. First, the internal sample/holds 
are switched to the 
hold state, and a conversion 
cycle is initiated. At the same 
time, the DSPIOI 
or DSP102 
transmits 
a synchronization 
pulse and starts shifting out the conversion 
results from the 
previous 
convert 
command 
at (t-I) 
using 
the system 
bit 
clock. The data from the conversion 
at time (t) is shifted out 
of the converter after the next convert command is received. 


Both the DSPIOI 
and the DSP102 
are 18-bit NOs 
inter- 
nally. When the DSP IC is programmed 
to accept 
16-bit 
word lengths, the processor will ignore the last two data bits 
transmitted 
from the DSPlOl 
or DSP102. A Cascade Mode 
on the DSP102 
can be invoked 
to transmit 
data for both 
conversion 
channels 
over a single serial line as a 32-bit 
word. In this mode, the first 16 bits of data transmitted 
after 
the Sync pulse contain data from channel A, followed by 16 
bits of information 
from channel B, allowing a single 32-bit 
word to contain data for both channels. 


+.I.10~F 
DGND 


DGND 


VD 


CLKIN 


CLKOUT 


+5V 
SSF 


OSCl 


(') 
14 
OSC2 


10MHz, 50% 
(±10%) 74HC 
Logic Level Clock Input 


appended 
to the conversion 
results, 
so that a single data 
word contains conversion 
results plus other signal informa- 
tion, such as gain settings or multiplexer 
channel settings in 
front of the converter. 


The DSPIOI 
and DSP102 are high-resolution 
NO convert- 
ers complete 
with sampling capability 
and on-board 
refer- 
ences. They can acquire and convert analog signals at up to 
a 200kHz 
sampling 
rate. Both operate from ±5V supplies, 


and have full-scale 
analog input ranges of ±2.75V. 


Figure 2 shows the minimum connections 
required to oper- 


ate the DSP101. The falling edge of a convert command 
on 
pin 21 puts the internal 
sampling 
capacitor 
array into the 
hold state. The falling edge on pin 21 also starts the process 
to initiate a conversion 
and transmit data from the previous 


conversion, 
synchronizing 
both appropriately 
to the lOMHz 
clock input on pin 13. Figure 1 shows the timing relationship 
between 
the convert 
command, 
the output 
data, and the 
synchronization 
pulse. 


In this basic 
system, 
the 
10MHz 
clock 
is used both 
to 
generate a 3.33MHz conversion 
clock and as the data trans- 
fer bit clock for outputting data. Per Figure I, there must be 
at least 72 clock pulses on pin 13 between 
convert 
com- 
mands, so that this circuit can sample and convert at up to 
138kHz. 


AGND 


REF 


CAP 


NC 


NC 


NC 


DGND 


CONV 


SOUT 


NC 


TAG 


NC 


XCLK 


SYNC 
15 


Convert 
Command 
0, 
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UUlpUI 
on pm 
I), 
tollowed 
by the data from the previous 
conversion 
output on pin 20. The Sync pulse will be IDGH 
for one bit clock cycle, since pin 12 is tied HIGH. (A LOW 
Sync pulse will be output on pin 15 if pin 12 is tied LOW.) 
Data is serially transmitted 
in an MSB-first 
data stream, in 
Binary Two's Complement 
format. Both the Sync pulse (pin 
15) and the data stream (pin 20) are synchronized 
to the bit 


clock 
(at pins 
13 and 
16), with the timing 
relationships 


shown in Figure 
I. 


After the 18 bits of data from the previous conversion 
have 
been transmitted, 
pin 20 will continue 
to clock out LOWs 
until a new convert command restarts the process, since pin 
18 (the Tag input) is grounded. 
If pin 18 is tied IDGH, pin 
20 will clock out IDGHs between conversion 
cycles. 


CONVERSION 


A falling edge on pin 21 (CONY) puts the internal sampling 
capacitors 
in the hold state with minimum 
aperture jitter, 


initiates a conversion 
synchronized 
to the conversion 
clock, 
and outputs the data from the previous conversion 
with an 
appropriate 
Sync pulse. On the DSPI02, 
a single convert 


command 
simultaneously 
samples both channels. 
The tim- 
ing relationship 
between 
the convert 
command, 
Sync and 
the output data is shown in Figure 
I. Both Sync and the 
output data are synchronized 
to XCLK, the system bit clock. 
Following 
a convert command 
falling edge, pin 21 must be 
held LOW at least SOns. 


Convert commands 
can be sent to the DSPIOI 
and DSPI02 


completely 
asynchronous 
to other clocks in the system. This 


allows external events to be used to trigger conversions. 


From Figure 
I, it can be seen that two different 
clocking 
conditions 
must be considered 
in determining 
the minimum 
acceptable 
time between 
convert 
commands. 
First, 
there 
need to be a minimum of 24 XCLK periods between convert 
commands, 
to allow internal synchronization 
and transmis- 
sion of Sync and the data. (In the Cascade 
Mode on the 
DSPI02, 
there need to be at least 40 XCLK periods between 
convert commands, 
to allow transmission 
of the 32-bit data 


words.) When used with DSP processors 
programmed 
for 
data words longer than 16 bits, the transmission 
time to the 
processor 
may determine 
the minimum 
time between con- 


vert commands. 


The second limitation 
on convert commands 
is the require- 
ment that the internal analog-to-digital 
converter 
be given 
enough time to complete 
a conversion, 
shift the data to the 
output register, and acquire a new sample. This condition is 
met by having a minimum 
of 24 CLKIN periods between 


convert 
commands, 
or a minimum 
of 72 clock cycles on 
aSCI, 
if it is used to generate the conversion clock (CLKOUT 
driving CLKIN). 


SIGNAL ACQUISITION 


After a conversion 
is completed, 
the DSPIOI 
or DSPI02 


will switch 
back to the sampling 
mode. With at least 24 


have had sufficient time to acquire a new input sample to full 
rated accuracy. 


DATA FORMAT AND INPUT LEVELS 


The DSPIOI 
and DSPI02 
output serial data, MSB first, in 
Binary Two's Complement 
format. In the Cascade Mode on 
the DSP 102, the serial data will first contain 
16 bits of data 


for channel A, MSB-fust, 
followed by channel B data, again 
MSB-first. 
The analog 
input levels that generate 
specific 


output codes are shown in Table I. 


As with all standard 
AIDs, 
the first output transition 
will 
occur at an analog input voltage 1/2 LSB above negative full 
scale (-2.75V 
+ 1/2 LSB) and the last transition 
will occur 
3/2 LSB below positive full scale (+2.75V - 3/2 LSB.) See 
Figure 3. 


DIGITAL 
OUTPUT 
(BINARY 
TWO'S 
COMPLEMENT) 


l6-BIT 
la-BIT 
ANALOG 
WORDS 
WORDS 
DESCRIPTION 
INPUT 
BINARY CODE 
(HEX) 
(HEX) 


Least Significant 
Bit 


(LSB: 
52~V) 


16-bit Words 
84jlV 
18-bit Words 
21uV 


Input Range 
±2.75V 


+ Full Scale 
+2.749916V 
011. .111 
7FFF 
(2.75V-l 
LSB) 
+2.749979V 
lFFFF 


Bipolar Zero 
OV 
000. .000 
0000 
00000 
(Midscale) 


One LSB below 
-a4uV 
111 .. 111 
FFFF 
Bipolar Zero 
-21uV 
3FFFF 


- Full SCale 
-2.75V 
100. .000 
8000 
20000 
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DATA TRANSFER 


The internal AIDs generate 
18 bits of data, transmitting 
the 


data MSB first. When read by a DSP IC programmed 
to 
accept 16 bits of data, the first 16 MSB bits of data from the 
DSPIOI, 
or each channel of the DSPlO2, will be shifted into 


the processor's 
input shift register, 
and the last two least 


significant 
bits 
of data 
from 
the 
AID will 
be 
ignored, 
although 
they will still be present 
on the serial data line. 


When the DSP processor is programmed 
to accept words of 


more 
than 
16-bit length 
(typically 
24-bit 
or 32-bit), 
the 


DSPIOI and DSPlO2 will transmit the fulll8-bit 
conversion 
results, after which the information 
input on the TAG input 
(or TAGA and TAGB on the DSPI02) 
will be appended to 
the output word. (See Tag Feature below.) 


In the Cascade Mode, the DSPlO2 will first transmit the 16 
MSBs from channel 
A, followed 
by the full 18 bits from 
channel B, although DSP processors 
programmed 
to accept 


32 bits of data will ignore the final two bits of information 
on Channel B. See the DSPlO2 Cascade Mode section below 
for details of the Cascade mode. 


A convert command 
both initiates a conversion 
and starts 


the process for transmitting 
data from the prev;o". 
conver- 
sion. Convert commands 
can come at any time, completely 
asynchronous 
to the conversion 
clock or the bit clock, and 


the conversion 
clock may also be independent 
of the bit 
clock. The DSPIOI 
and DSPI02 
internally synchronize 
the 


output data, Sync pulse, and Tag inputs to the bit clock. 


While the convert command, conversion 
clock and bit clock 


can be asynchronous, 
system 
performance 
is usually 
en- 
hanced 
by synchronizing 
all of them to a system 
master 
clock, 
whenever 
the application 
permits. 
This minimizes 


changes in digital loads and currents when the critical StH 
transition 
and AID bit decisions 
are occurring. 
Within the 


DSPIOI 
and DSPlO2 
themselves, 
running 
asynchronous 


convert commands, 
conversion 
clocks and bit clocks typi- 
cally degrades performance 
only several dB, as shown in the 
various 
typical performance 
curves, 
but the system board 
design can easily have more effect. 


When 
a convert 
command 
is received, 
the internal 
logic 
generates an appropriate Sync pulse, synchronized 
to XCLK, 


as shown in Figure I. The output Sync pulse will be active 
High or active Low depending 
on whether 
a HIGH 
or a 


LOW, respectively, 
is input at SSF (pin 12). 


The convert 
command 
also causes 
the conversion 
results 


from the previous 
conversion 
to be loaded into the output 


shift register, 
synchronous 
to XCLK. 
Figure 4 shows the 
operation of the internal data shift registers on the DSP I02. 
The DSPIOI is basically similar. but includes only the top of 
the figure, showing the SOUTA path. 
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During 
the internal 
successive 
approximation 
conversio 
process, the conversion results are shifted into the input shift 
registers of the output stage on the DSP 102. A new convert 
command 
latches that data into the l8-bit 
parallel 
latches 


shown. 
The internal 
signal that also generates 
the Sync 
pulse, labeled "Shift/Load" 
in Figure 4, synchronously 
loads 
the conversion data into the output shift register on the rising 
edge of XCLK. The conversion 
results are then clocked out 
of the shift register on subsequent 
rising edges of XCLK. 


DATA TRANSFER 
CLOCK 


XCLK is the data transfer clock, or bit clock, for the system, 
and is an input for the DSPIOI 
or DSP102. 
This input is 
TIL- and 74HC-level compatible. The serial data and SYNC 
outputs are synchronized 
internally to this clock, with data 


valid on the rising edge of XCLK, per the timing shown in 
Figure I. Data input on pin 18 (TAG) on the DSPI01, 
or on 
pins 18 and 19 on the DSP102 (TAGA and TAGB), will be 
clocked into the output shift register on the rising edge of 
XCLK, as discussed 
in the Tag Feature section. 


CONVERSION 
CLOCK 


The analog-to-digital 
converter sections in the DSPI0l 
and 
DSPI02 
were 
designed 
to provide 
accurate 
conversions 
under worst case conditions 
of supplies, temperatures, 
etc. 


In order to achieve a full 200kHz sampling capability, 
they 
were designed 
to use a 33% duty cycle conversion 
clock 
(CLKIN on pin 10) as shown in Figure I. The clock is LOW 


VPOTA 
AGND 


REF 


DGND 


DGND 


long enough 
for internal 
analog 
circuitry 
to settle 
suffi- 
ciently between 
bit decisions 
to insure rated accuracy. 
Bit 
decisions 
in the NO are then made on the rising edge of 
CLKIN. 


To other 
DSP102·5 elKIN 
for 


synchronous 
operation 


~ 
= Analog 
Ground 
+ = Digital Ground 
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When 
a convert 
command 
is received, 
the DSPIOI 
or 
DSPI02 
immediately 
switches 
the sampling 
capacitors 
to 
the hold state, and then internally gates the conversion clock 
to the AID appropriately. 
Allowing a minimum of 24 CLKIN 
pulses between 
conversions 
insures that there is sufficient 
time for complete, 
accurate 
conversions, 
and allows 
the 
input sampling 
capacitor 
to fully acquire the next sample, 


regardless 
of the timing between the convert command 
and 
CLKIN. 


In most applications, 
CLKIN (pin 10) can be driven from a 
50% 
duty cycle 
clock 
without 
performance 
degradation. 


During 
characterization 
of the DSPlOl 
and DSP102, 
the 
performance 
of a number 
of parts 
was measured 
under 
various conditions 
with a 4.8MHz, 50% duty cycle input to 
CLKIN at a full 200kHz conversion 
rate without noticeable 
degradation. 


OSCILLATOR 
INPUTS AND CLKOUT 


The DSPIOI 
or DSPI02 
can generate 
a 33% duty cycle 
conversion 
clock 
output 
on CLKOUT 
(pin 
II). 
This 
is 
accomplished 
by dividing 
by three a clock from either an 
external 
74HC-level 
clock 
or from 
a crystal 
oscillator. 


CLKOUT 
can deliver 
±2mA, 
and can be used to drive 
multiple DSPIOI 
or DSP102 CLKINs. See Figure I for the 
timing relationship 
between OSCI 
and CLKOUT. 


To use an external 74HC-level 
clock, drive the clock into 
OSCI 
(pin 13), and leave OSC2 (pin 14) unconnected. 


To use a crystal oscillator to generate the conversion 
clock, 


refer to Figure 5. Connect the oscillator between OSCI and 
OSC2. OSC2 provides 
the drive for the crystal oscillator. 


This pin cannot be used elsewhere 
in the system. 


If CLKOUT 
is not used, both it and OSC2 should be left 


unconnected, 
and OSCI 
should be grounded. 


Figure 4 shows the implementation 
of the TAG feature on 
the DSPIOI 
and DSP102. 
When 
a convert 
command 
is 


received, 
the internal 
Shift/Load 
signal 
loads conversion 


result 
data 
into the output 
shift register 
synchronous 
to 


XCLK. Between convert commands, 
the information 
input 
on TAG (on the DSPlOl) 
or on TAGA and TAGB (on the 
DSP102) will be clocked into the output shift register on the 
2 


rising edges of XCLK. Since this is an 18-bit shift register, 
the data input on the Tag lines will be output 
on SOUT 
(DSPIOI) 
or SOUTA and SOUTB (DSP102) delayed by 18 


bit clocks. 


The Tag Feature 
can be used in various 
ways. The Tag 


inputs can be tied HIGH or LOW to differentiate 
between 


two converters 
in a system. As discussed in the Applications 


section below, the Tag feature can be used to append to the 
serial output data word information 
on multiplexer 
channel 


address, or other digital data related to the input signal (such 
as the setting on a programmable 
gain amplifier.) 
Another 


option would be to daisy-chain 
multiple DSPIOI or DSP102 


converters, 
linking the serial output of one to the Tag input 
of the next. This can simplify the transmission 
of data from 


multiple AIDs over a single optical isolation channel. 


DSP102 CASCADE 
MODE 
If pin 22 (CASe) 
is tied HIGH, the DSP102 will be in the 


Cascade Mode. In this mode, when a convert command 
is 


received, the DSP102 will transmit a 32-bit data word on pin 


REF 


VPOTB 


VINB 


NOTE: (1) On DSP101, pin 25 is not internally 
connected. 
Pin 26 must still be bypassed 
with 
the 'O~F Tantalum capacitor. 


BURR-BRO'W"N" 
IE:lE:lI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


- 
. 
16-bit words. Referring to Figure 1, the first 16 bits of data 
will be the results for channel 
A, followed 
by 16 bits of 
information for channel B. The data will be transferred MSB 
first. A convert command 
at time (t) will initiate the trans- 
mission 
of the results 
of the conversion 
initiated 
at time 
(t - I). 


From the descriptions 
above of the internal shift registers 
shown in Figure 4, it can be seen that the DSP 102 in the 
Cascade Mode actually continues to shift out data after the 
32nd bit of the data word. The next two bits clocked out will 
be the last two data bits from the full 18-bit conversion 
on 
channel B, after which the information 
output on SOUTA 
will be the information 
clocked 
into TAGB 
35 bit clock 
cycles earlier. 


In the Cascade 
mode 
on the DSP102, 
SOUTB 
will still 
output channel B conversion 
data and tag data as usual. 


ANALOG PERFORMANCE 


LINEARITY 


The DSP101 and DSPI02 
are optimized for signal process- 
ing applications 
with wide dynamic 
range 
requirements. 
Linearity 
is trimmed 
for best performance 
in the range 
around 
OV, which 
is critical 
for handling 
low amplitude 
signals. The DSP101 
and DSP102 
typically 
have integral 
and differential 
non-linearity 
below ±O.OO3% in the input 
range of ±O.7V, with there being no missing 
codes at the 
14-bit level in this range. Over the full ±2.75V input range, 
the largest 
non-linearities 
are centered 
around 
the bit #2 
transition 
points at +1.375V and -1.375V 
levels. 


The equivalent 
input noise 
and bipolar 
zero error of the 
DSP101 and DSP102 
is shown in the typical performance 
section for both channels on a DSPI02. 
The inputs to both 
channels 
were grounded, 
and the results of 5,000 conver- 
sions was recorded. The data shown is binned at the 16-bit 
level. 
The 
noise 
results 
from 
all sources 
in the circuit, 
including 
clocks, reference 
noise, etc. 


In a theoretically 
ideal converter with no offset and no noise, 
the results of all 5,000 conversion for each channel would lie 
in the bin corresponding 
to bipolar 
zero, codeססOO. The 
typical 
DSP 10 1 or DSP 102 will have offset errors in the 
range of 1 to 2m V, and the two channels on the DSP 102 will 
be matched 
closer than 2mV. The DSP102 
shown 
in the 
typical performance 
section has the worst offset, -O.8mV, 
on channel A, with channel B being less than ImV different, 
and the three sigma noise on either channel being less than 
250~V. 


INPUT BANDWIDTH 
From the typical 
performance 
curves, 
it can be seen that 
there is very little degradation 
in Signal-to-(Noise 
+ Distor- 
tion) for input signals up to 100kHz. The wide band sampling 
input typically maintains a 60dB Signal-to-(Noise 
+ Distor- 
tion) Ratio undersampling 
500kHz input signals. 


LAYOUT CONSIDERATIONS 
Because 
of the high resolution, 
linearity 
and speed of the 
DSPIOI 
and DSPI02, 
system 
design 
problems 
such 
as 
ground path resistance, contact resistance and power supply 
quality become very important. 


MSBA 
VPOTB 


VaSA 


MSBB 


VOSB 


NOTE: (1) On DSP101, pins 23 and 24 are 
not internally connected. 
Pin 26 must still be 
bypassed with the 10~F Tantalum capacitor. 
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possible to ground. The use of sockets will often degrade AC 
performance. 
Zero-Insertion-Force 
sockets are particularly 


poor because longer lead lengths create inductance. 


Short traces on the board, and bypass capacitors 
as close as 


possible 
to the AID, will further improve dynamic 
perfor- 


mance. 


GROUNDS 


To achieve the maximum performance 
from the DSPIOI 
or 


DSPI02, 
care should 
be taken to minimize 
the effect of 
changes in current flowing in the system grounds, particu- 
larly while bit decisions 
are being made in the successive 


approximation 
converter's 
comparator. 
Pin 28 (AGND) on 
both the DSPlOl 
and the DSP102 is the most critical, and 
care should be taken to make this pin as close as possible to 
the same potential as the system analog ground. 


Whenever possible, it is strongly recommended 
that separate 
analog and digital ground planes be used. With an LSB level 
of 841.1Yat the l6-bit 
level, and one-quarter 
of that at the 


18-bit level, the currents switched in a typical DSP system 
can easily corrupt the accuracy of the AIDs unless great care 
is taken to analyze and design for current flows. 


NOTE: (1) SUbstituting 
74HC595s 
provides three 
state outputs, with pin 13 (OE) 
used to enable 
the parallel 


data lines. 


/"\.11 
Ui 
uu; ~UppllC;;:) ;:)HUUIU 
VI\; 
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grounds using tantalum 
capacitors 
in parallel with ceramic 


capacitors, 
as shown in Figure 6. For optimum performance 


of any high resolution AID, all of the supplies should be as 
clean as possible. If separate digital and analog supplies are 
available in a system, care should be taken to insure that the 
difference between the analog and the digital supplies is not 
more than O.5V for more than a few hundred milliseconds, 
as may occur at power-on. 


INPUT SIGNAL CONDITIONING 
~ 


To avoid introducing 
distortion, 
the DSPlOI 
and DSP102 •••• 
analog inputs must be driven by a source with low imped- 
ance over the input bandwidth 
needed in the application. 
Op 


amps such as the NE5532 or Burr-Brown's 
OPA2604 
work 


well over audio bandwidths. 
Figure 7 shows an appropriate 


input driver circuit. The 150n and 220pF shown on the input 
help reduce the dynamic load on the input signal condition- 
ing amp in front of the AID, since all switched 
capacitor 
array architectures 
exhibit fast changes in input current load 


as the input sampling 
switch is opened 
and closed. These 


dynamic changes in the load can affect any signal condition- 
ing circuit at the input. Other Rand 
C combinations 
can be 


74HC594(11 


14 
Serial Data 
15 
QA 
1 
D15 (lSB) 


10 
2 
D14 
+5V 
13 
SR ClR 
3 
D13 


+5V 
R ClR 
4 
D12 


5 
Dl1 


11 
6 
Dl0 


7 
D9 
QH 
DB 


RCK 
12 


74HC594(11 


QA 
15 
D7 
1 
2 
D6 


3 
D5 
+5V 
4 
D4 


5 
D3 


11 
6 
D2 
SR ClK 
7 
Dl 
QH 
DO (MSB) 


RCK 
12 


HC04 
74HC74 


Ql 
5 


Dt 


51 
R1 


D2 
ClK2 
11 


52 


13 
R2 
Data Valid Signal 
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used, but the resistor should not exceed 200n, 
or the output 
settling time of the signal conditioning 
amplifier may be too 


long. 


EXTERNAL 
ADJUSTMENTS 


All of the specifications 
for the DSPIOI 
and DSPI02, 
plus 


the typical 
performance 
curves, 
are based 
on the perfor- 


mance of these AIDs without external trims. In most appli- 
cations, external trims are not required. 


OFFSET ADJUST 


Where required by specific applications, 
offsets can be ad- 


justed using the circuit of Figure 8. When not adjusted, vas 
(pin 4) on the DSPIOI, and VaSA 
(pin 4) and vaSB 
(pin 23) 


on the DSPI02, 
should be left open. If these pins are con- 
nected to traces on the board, they should be bypassed 
to 
ground with 0.011JFcapacitors, as close as possible to the AID. 


To trim offset, one alternative 
is to ground the analog input 
while converting 
continually. 
Then adjust the trimpot 
(on 
vas 
forthe 
DSPIOl, 
on VaSA 
and vaSB 
forthe DSPI02) 
until the output code is toggling between the codes FFFF and 
ססoo 
(Hex) at the 
16-bit level (3FFFF 
and 0ססoo 
at the 


18-bit level). This will center the offset at 1/2 LSB below 
OV, which is respectively 
-4211V or -IOIlV 
at the 16- and 
18-bit levels. 


The offset can also be adjusted by providing 
a sine wave to 
the AID input. Using 
FFT, or even simple 
averaging 
of 
several thousand 
conversion 
results at a time, the trimpots 


can be adjusted until there is no DC offset of the signal. 


Grounding 
the input, or providing 
the sine wave, as far in 
front of the AID as possible allows offset from intervening 
signal conditioning 
components 
to be also corrected by this 
procedure. 


In most applications, 
adjustment 
of the Most Significant 
Bit 
weight will not be required. When not adjusted, MSB (pin 3) 
on the DSPlOl, 
and MSBA (pin 3) and MSBB (pin 24) on 
the DSP I02, should be left open. If these pins are connected 
to traces on the board, they should be bypassed 
to ground 
with 0.011JF capacitors, 
as close as possible 
to the AID. 


MSB (pin 3) on the DSPIOI, 
and MSBA (pin 3) and MSBB 
(pin 24) on the DSPlO2, 
are internally 
connected 
to a 


resistor divider network that is used to laser-trim the weight 


HI-508A 
, 
4 In, 


21 
, 
CONV 
, 
5 1°2 
Out 8 


0" 
2 
20 
:§l 
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11 


ac 
12 
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13 
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80 12 
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5 40 
40 16 


4 3D 
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17 


3 20 
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50 
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3 B 
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13 
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of the MSB capacitor 
in the CDAC. These pins are nomi- 
nally at + I00m V after laser-trimming 
during manufacturing. 
They can handle external inputs up to about one diode drop 
below ground (--o.6V) before internal clamping 
circuitry is 
triggered. 


Figure 
8 shows 
an appropriate 
circuit 
for adjusting 
the 
weight of the most significant 
bit to minimize 
differential 
non-linearity 
at the critical major-carry 
transition. To adjust, 


provide 
a small amplitude 
sine wave to the selected 
AID 
input pin while converting continually, 
and adjust for maxi- 
mum Signal-to-(Noise 
+ Distortion) 
ratio, using appropriate 
signal analysis software. 


If circuit gain needs to be adjusted in hardware, 
rather than 
in system software, appropriate 
trimpots should be included 
in the analog 
signal conditioning 
section 
in front of the 
DSPIOI 
or DSPI02. 
No specific 
gain adjust circuitry 
is 


included in the parts. 


APPLICATIONS 


INTERFACING 
DSP101 TO PARALLEL 
PORTS 


Figure 9 shows a circuit for converting the serial output data 
from the DSP 10I into 16 bits of parallel 
data, within the 
timing constraints 
of the serial bit-stream 
from the DSPIOI. 


In many applications, 
this circuit can be easily incorporated 
into gate arrays or other programmed 
logic circuits already 
used in the system, since the extra gate count is not high. 


This circuit adds an additional pipeline delay to the conver- 
sion data, so that the parallel data from a conversion 
at time 


(t) is valid one conversion 
cycle plus 17 XCLK clocks later 
(at t+ I plus 17 times XCLK). A convert command 
at time 
(t+ I) generates 
a Sync and begins transmitting 
serial data 
from SOUTo The serial data is shifted 
into the 74HC594 
shift registers, 
and Sync is shifted 
through 
the 74HCI64 
shift registers. 
The QI output of the 74HC74 
dual D-type 
flip-flops clocks the conversion 
data into the output register 
of the 74HC594s, 
and triggers a data valid signal on its Q2 
output. The user can then read the data at any time before the 
next conversion 
is started, and the Read signal will reset the 
data valid output from Q2. 


In many systems, 
galvanic 
isolation 
of signals is required. __ 


Using 
opto-couplers 
on the serial data lines in Figure 
9 
allows a fully isolated system to be built using a DSPIOI and 
only three couplers across the barrier (for serial data, XCLK 
and SYNC.) 


Figure 10 shows a complete circuit for sequentially 
scanning 
eight analog input channels with a single DSPIOI, 
and using 
the Tag feature on the DSPIOI 
to append the multiplexer 
channel address to the serial output conversion 
results. 


The circuit in Figure 
10 includes the required 
digital logic 
and timing logic. The 74HCI63 
counter provides 
the scan 
sequence to the Burr-Brown 
HI-508A analog multiplexer. 
In 
order to allow the HI-508A enough time to switch to the next 
channel and settle before the DSPIOI 
begins a conversion, 


a 74HC22I 
one-shot introduces a 3llS delay for the DSPIOI 
convert command 
input. 


The Burr-Brown 
OPA627 provides a low impedance 
source 
for the DSPIOI, 
buffering 
it from the output impedance 
of 


TIlBit 
Clock 


Digital Signal 


DSP201(1) 
DSP10l 
Processor Ie 


XClK 
16 
ClKR 
XClK 
12 
XClK 


2 
SOUT 
20 
DATA IN 
DATA OUT 
13 
21 
±2.75V 
VIN 
SIN 
VOUT 
±3V Analog Output 
Analog Input 


SYNC 
15 
SYNC 
SYNC 
11 
SYNC 


SSF 
12 
SSF(2) 
SSF(') 
SSF 


SWl(3j 
10 
SWl 


21 
15 
CONY 
CONY 


DSP PROCESSOR 
SYNC FORMAT 
SERIAL 
VO WORD 
SSFt" 
SWLPJ 


DSP32C. DSP16 
Active 
Low 
16 Bits 
lOW 
HIGH 


DSP56001 
Active High 
24 Brts 
HIGH 
lOW 
DSP56001 
Active High 
16 Bits 
HIGH 
HIGH 
TMS320C25/C30 
Active High 
16 Bits 
HIGH 
HIGH 
ADSP2101/2105 
Active 
High 
16 Bits 
HIGH 
1-11011 


(1) See Burr-Brown 
DSP201/DSP202 
prodUct data sheet 
for full description 
of 


this DAC. 
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by one conversion 
before appending the channel data to the 
serial conversion 
results from the DSP 101. This attaches the 
channel address to the correct conversion 
results. Since the 
channel 
scanning 
shown 
in Figure 
10 is sequential, 
this 
delay latch could be left out and software could recognize 
that the time (t) conversion 
results have the MUX address 
from the time 
(t-I) 
conversion 
appended. 
However, 
for 
systems 
using non-sequential 
scan lists, this delay latch is 
essential 
to maintain 
the conversion 
data and channel 
ad- 
dress integrity. 


The 74HC166 
synchronous 
loading shift register loads the 
channel address tag data into the shift register on the rising 
edge of the bit clock, in conjunction 
with the Sync output of 
the DSPI01. 
The channel address tag data is then clocked 
into the DSPIOI 
Tag input (pin 18) by the bit clock, while 
the conversion 
data 
is clocked 
out the other end of the 


DSP102 


XCLK 
16 


SYNC 
15 


±2.75V Analog Input 
20 
Channel A 
VINA 
SOUTA 


±2.75V Analog Input 
25 
17 


Channel B 
VINB 
SOUTB 


CASC 
22 


12 
-=- 
SSF 
+5V 


CONY 
21 


DSP102 


XCLK 
16 


SYNC 
15 


±2.75V Analog Input 
20 
Channel A 
VINA 
SOUTA 


±2.75V Analog Input 
25 
17 


ChannelS 
VINS 
SOUTS 
NC 


CASC 
22 
+5V 


NOTE: Serial port 0 programmed 
SSF 
12 
+5V 
for 32-bit data. 


CONY 
21 


'L.pfj~4 oSP board, which contains 
an AT&T DSP32C, 
so 
that the SYNC output is programmed 
to be active LOW. The 
circuit needs to be modified for DSP processors 
from ADI, 


n, and Motorola, 
which use active HIGH Sync pulses. For 
these processors, tie SSF (pin 12) on the DSPIOI HIGH, and 
use a 74HC04 hex inverter to invert the Sync signal to the 
74HC574 
and 74HC166. 


The 
same 
basic 
circuit 
can 
be duplicated 
to drive 
two 
channels in a DSPI02, 
or can be easily modified for more or 
less than eight channels of analog input. 


USING DSP101 AND DSP102 WITH 
TEXAS INSTRUMENTS 
DSP ICS 


Figures 
II thru 17 show various ways to use the DSPIOI 
and DSPlO2 
with DSP ICs from the Texas 
Instruments 
TMS320Cxx 
series. For simplicity, 
all of these circuits are 


CLKR 


FSR·O 
FSR·1 
DR-O 


CLKR -0 


FSR·O 


DR-O 
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based on using the TME320Cxx 
in the mode where SSF 
(Select Synch Format, pin 12) is tied HIGH, so that there is 
an active 
High 
synchronization 
pulse 
generated 
by the 
DSPIOI or DSPI02 
after receiving a convert command. The 
synchronization 
pulse can be changed to active Low simply 


by making SSF LOW, where appropriate, 
without changing 
the basic operation 
of the AIDs. 


In all cases, the DSP 10 I and DSP 102 will transmit 
data 
MSB-frrst, 
and the TMS320Cxx 
needs to be programmed 
for this. 


Figure 
II 
shows 
a circuit 
for using the TMS32OC25 
or 


TMS32OC30 in a complete analog input and analog output 
system using the DSPIOI along with the Burr-Brown DSP201 
D/A. 


TILBit 
Clock 


DSP102 
TMS32OC30 
DSP202(3j 
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CLKX-O 
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20 
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SYNC 
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Channel B 
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SSF 
12 
+5V 
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USING TMS320C31 
TO GENERATE 
ALL CONTROL 
SIGNALS 


Figure 17 shows a circuit for using the TMS32OC31 with a 
DSP102 and a Burr-Brown 
DSP202 D/A to provide a two 


channel analog I/O system. The flexibility of the TMS32OC31 
allows it to generate the data transfer clock (XCLK) and the 
Convert Command, minimizing 
additional circuitry and syn- 
chronizing 
the 
timing 
signals 
to the processor~ s master 


clock. In this circuit, the DSP102 and DSP202 are used in 
their Cascade modes, transmitting 
and receiving 
two chan- 
nels of data in a single 32-bit word. (See the Cascade Mode 
section above.) 


Table II shows how to set up the circuit in Figure 
17 for a 
44. 1kHz conversion 
rate for both channels 
of the DSP102 


AID and both channels of the DSP202 D/A. Both inputs and 
outputs will be simultaneously 
converted. 


DSP101 
TMS32OC25 


XCLK 
16 
XCLK 


SYNC 
15 
FSX 


±2.75V 
Analog 
Input 
2 
VIN 
SOUT 
20 
TXD 


DSP1D2 
TMS3200C31 
DSP202 


±2.75V 
Analog 
Input 
VINA 
XCLK 
CLKRO 
CLKXD 
XCLK 
VOUTA 
t3V Analog 
Output 


Channel 
A 
Channel 
A 
SOUTA 
ORO 
OXO 
SINA 


SOUTB 
NC 
SINB 


±2.75V 
Analog 
Input 
VINB 
SYNC 
FSRO 
FSXO 
SYNC 
VOUTB 
t3V Analog 
Output 
Channel 
B 
TCLKO 
Channel 
B 
+5V 
SSF 


OSC2 
SSF 
+5V 
+5V 
SWL 


1M!) 
OSC1 
CASC 
+5V 
+5V 
CASC 


CONY 
CONY 


SERIAL 
PORT 


Port Global Control 
Register 
OxOEBC040 
FSXlOXlCLKX 
Port Control 
Register 
OxOOOO0111 
FSRiDRiCLKR 
Port Control 
Register 
OxOOOO0111 
ReceivefTransmit 
Timer 
Control 
Register 
OxOOOOOOOF 


TIMER 
Timer Global 
Control 
Register 
OxOOOO02C1 
TImer 
Period Register 
OxOOOOOOB5 


NOTE: 
Assumes 
TMS320C31 
has 32M Hz Master 
Clock. 


TABLE II. TMS320C31 
Register Settings for 44. 1kHz Con- 


version Rate in Figure 17. 
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USING DSP101 AND DSP102 
WITH MOTOROLA 
DSP ICS 


Figure 
18 shows how to use the DSPlOl 
with a Motorola 


DSP56001. 
Using 
the 
DSPI02 
requires 
using 
two 


DSP5600ls. 
The DSP56001 
needs 
to be programmed 
to 
receive data MSB-fust 
with SYNC in the Bit Mode. 


SSF 
(pin 12) needs to be tied HIGH for using either the 


DSPlOl 
or the DSP102 
with DSP5600ls. 
This will cause 
the DSPIOI 
or DSP102 
to transmit 
an appropriate 
active 


High synchronization 
pulse on SYNC (pin 15) after a con- 
vert command 
is received by the AID. Timing is shown in 
Figure 
I. 


USING DSP101 AND DSP102 WITH AT&T DSP ICS 


Figures 11, 19,20, and 21 show how to use the DSPlOl 
and 


DSP102 
with the DSPI6 
and DSP32C 
in different 
modes. 


The AT&T processors 
need to be progranuned 
to accept 
data MSB-fust, 
and the DSPlOl 
or DSP102 needs to have 


SSF 
(pin 12) tied LOW, so that an appropriate 
active Low 
synchronization 
pulse will be transmitted 
by the AID after a 


convert command 
is received. 


Figures 
19 and 20 show the DSP32C 
and DSPI6 
respec- 
tively used with the DSPlOl 
to handle a single analog input 
channel. 


Figure 
21 shows 
how 
to transmit 
to a single 
DSP32C 


conversion 
results from both DSP102 channels 
in a single~ 
32-bit word, using the Cascade mode on the AID. 
•••• 


Figure 11 indicates how to build a complete analog input and 
analog output 
system 
using a DSP32C 
or DSPI6 
with·a 


DSPIOI 
and a Burr-Brown 
DSP201 D/A. 
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±2.75V Analog Input 
SRD 


SSF 


CONY 


SYNC 


SOUT 


BURR - BROWNe 
I ElEII 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


system using either the ADSP21 0 1 or the ADSP21 05 ;ith 
a 


DSP101 and a Burr-Brown 
DSP201 D/A. 


The two serial ports on the ADSP2101 can also be used with 
the DSPlO2 and the Burr-Brown 
DSP202 D/A to make two 


complete analog I/O channels, 
as indicated in footnote 2 of 


Figure 14. 


Figure 22 shows how to use the DSP102 with an ADSP2lOl 
to provide a two-channel 
simultaneous 
sampling 
system. 


Figure 23 shows the connections 
required 
to generate 
an 
analog input channel using an ADSP2105 
with the DSPIOI. 
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CASC 
22 


+5V 


SSF 
12 


CONY 
21 ~ 


BURR-BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
I~~I 


DSP102 


XCLK 
16 


SYNC 
15 


±2.75V Analog Input 
SOUTA 
20 
VINA 
Channel A 
25 
17 
±2.75V Analog Input 
VINB 
SOUTB 


Channel B 


CASC 
22 


SSF 
12 
+5V 


CONY 
21 


DSP101 


XCLK 
16 


SOUT 
20 


±2.75V Analog Inpul 
VIN 


SYNC 
15 


SSF 
12 


+5V 


CONY 
21 


DEM-DSP1021202 
EVALUATION 
BOARD 


An evaluation fixture, the DEM-DSPI02/202, 
is available to 
simplify 
evaluation 
of the DSPlOI 
and DSPI02, 
and the 
companion 
digital-to-analog 
converters, 
the single DSP201 


and dual DSP202. The DEM-DSPl02/202 
comes complete 


with a socketed 
DSPI02 
and DSP202, 
a breadboard 
area, 


TTL I/O headers and differential 
line drivers for data trans- 


SCLK-O 
SCLK-1 
RFS-O 
RFS-1 
DR-O 


fer options, a complete clocking 
circuit for the conversion 


clock and bit clock, and analog filter modules. 
The board 


makes it easy to go from design concept to working proto- 
type of a DSP-based 
system, offering two complete analog 


I/O channels. 


Contact your local Burr-Brown 
representative 
for a full data 
sheet on the DEM-DSPI02/202. 


BURR - BROWNS 
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BURR - BROWN® 
113131 


PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


16-Channel Single Ended Input! 
a-Channel Differential Input 
16-BIT DATA ACQUISITION SYSTEMS 


FEATURES 


• 
16-BIT 
RESOLUTION 


• 
100kHz 
THROUGHPUT 


• 
PROGRAMMABLE 
GAINS (1,10,100,1000) 


• 
SERIAL 
OUTPUT DATA 
• 
16 SINGLE-ENDED 
INPUTS: 
SDM506 


• 
8 QIFFERENTIAL 
INPUTS: 
SDM507 


• 
OVERVOLTAGE 
PROTECTION 


• 
ANALOG 
INPUTS: 
70Vp-p 


• 
44-PIN 
PLCC PACKAGE 


• 
TEMPERATURE 
RANGE: 
-40°C 
to +85°C 


• 
LOWER 
POWER: 
450mW 


The SDMS06/S07 are complete 16-bit data acquisition 
systems with input multiplexer, 
serial output, and pro- 
grammable gains of I, 10, 100, and 1000. The SDMS06 
has 16 single-ended 
inputs and the SDMS07 
has 8 
differential 
inputs . 


All these features are contained within a space-saving 
44-pin plastic-leaded 
chip carrier providing 
the ideal 
data aquisition solution when space is at a premium. 


The SDMS06/S07 will accept unipolar or bipolar volt- 
age inputs in the range OV to +4V, OV to +SV, OV to 
+IOV, ±3.33V, ±SV and ±IOV. For low level signals, 
dynamic range can be increased by using the program- 
mable gain amplifier. Input overvoltage 
protection on 
the analog input channels provide fault-free operation 
for input voltages up to ±3SV. 


8116 
Channel 


MUX 


BURR - BROWN~ 
113131 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS-PRELIMINARY 


SDM506I507 
0 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
~ 
RESOLUTION 
16 
Bits 
0 
ANALOG 
INPUT 
±10, ±5, ±3.33 
v 
it) 


Voltage Ranges 
0-10,0-5,0-4 
V 
:! 
Input Impedance: 
On Channel 
1010 
10 
Gfl 


Off Channel 
1010 
10 
GO 
0 
Input Capacitance: 
On Channel 
20 
20 
pF 
en 
Off Channel 
20 
20 
pF 


THROUGHPUT 
SPEED 


. 


Conversion 
Time 
7.6 
8 
llS 


Complete 
Cycle 
Acquire and Convert 
10 
~s 


Throughput 
Rate 
100 
kHz 


DC ACCURACY 
Integral Linearity Error 
8 
LSBI') 
en 


Differential 
Linearity Error 
+3, -2 
LSB 
I- 


No Missing Codes 
15 
Bits 
Z 
Transition 
Noise(2) 
1.3 
LSB 


Full SCale Erroo'· 'I 
±1 
% 
W 


Full Scale Error Drift 
±10 
ppml"C 
Z 
Full Scale Error<3,4) 
Ext. 2.50V Ref 
±1 
% 
0 
Full Scale Error Drift 
Ext. 2.50V Ref 
±5 
ppm/'C 


Bipolar 
Zero 
Error(3) 
J 
±13 
±25 
mV 
C. 


Bipolar Zero Error Drift 
±5 
ppm/'C 
:! 
Power Supply Sensitivity 
+4.75V < Vo < +5.25V 
±8 
LSB 
0 
AC ACCURACY 
Spurious-Free 
Dynamic Range 
fiN: 
45kHz 
87 
dB 
0 


Tatal Harmonic 
Distortion 
fiN: 
45kHz 
-87 
dB 
Signal-to-(Noise 
and Distortion) 
fiN = 45kHz 
80 
dB 
Z 


-6OdB Input 
30 
dB 
0 
Signal-la-Noise 
fiN = 45kHz 
80 
dB 
i= 
Full-Power 
Bandwidth!") 
250 
kHz 


SAMPLING 
DYNAMICS 
en 
Aperture 
Delay 
40 
ns 
- 
Aperture Jitter 
Sufficient to Meet AC Specs 
::::) 
Transient 
Response 
FS Step 
2 
J.lS 


Overvoltag9 
Recovery(7) 
5 
llS 
" 


REFERENCE 
0 
Internal Reference Voltage 
2.48 
2.5 
2.52 
V 
« 
Internal Reference Source Current 
Must Use External Buffer 
1 
J.ls 


External Reference 
Voltage Range 


~ 
for Specified 
Unearity 
2.3 
2.5 
2.7 
V 


External Reference Current Drain 
Ext. 2.50V Ref 
100 
J.1A 
« 
DIGITAL 
INPUTS 
0 
Logic Levels: 


V,L 
-0.3 
+0.8 
V 
V,H 
+4.0 
Vo +0.3V 
V 
en 


I'L 
±10 
J.1A 
a: 


I'H 
- 
±10 
J.1A 
W 
DIGITAL 
OUTPUTS 
I- 
Data Format 
Serial 16 Bits 
Data Coding 
Binary Two's Complement 
a: 
VO<. 
IS1NK 
"" 1.6mA 
+0.4 
V 
W 
VOH 
ISOURCE 
"" 500~A 
+4 
V 
> 
Leakage Current 
High-Z-State, 
Your = OV to VOIG 
±5 
J.1A 
Z 
Output Capacitance 
High-Z-State 
15 
pF 


POWER SUPPLIES 
0 


V01G 
Must be :s; VANA 
+4.75 
+5 
+5.25 
V 
0 
VANA 
+4.75 
+5 
+5.25 
V 
Vcc 
±11.4 
±18 
V 
0 


lOIG 
0.3 
mA 
« 
IANA 
16 
mA 


Vcc 
7 
mA 


Power Dissipation, 
fs "" 1OOkHz 
450 
mW 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
'C 


Storage 
-65 
+150 
'C 


Thermal 
Resistance, 
8JA 


Plastic PLCC 
75 
'CIW 


NOTES: (1) LSB means Least Significant 
B~. For the 16-bit, ±10V input SDM506l507, 
one LSB is 305J.lV. (2) Typical rms noise at worst case transitions 
and 
temperatures. 
(3) As measured with fiXed resistors shOwn In F~ures 
10 and 11. AdjUstable to zero with external potentiometer. 
(4) Full scale error is the worst case 


of -Full 
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and 


includes the effect of offset error. (5) AU specifications 
in dB are referred to a full-scale ±1OV input. (6) Full-Power Bandwidth defined as Full-Scale input frequency 


at which Signal·to-(Noise 
+ Distortion) degrades to 6OdB, or 10 bits of accuracy. 
(7) Recovers to specified performance 
after 2 x FS input overvoltage. 


BURR - BROWNe 
IElElI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


Analog Inputs: 


Rl'N 
±2SV 
R2'N .. 
. 
±2SV 
R3'N 
±2SV 


CAP 
VANA+O.3V to A"NO -Q.3V 
REF 
Indefinite Short to A"NO' 


Momentary 
Short to VANA 


Analog Input Overvoltage: 
CH1-CH16 Vcc •... 
Vcc- .. 


Supplies: 


VOIG 
+7V 
V ANA 
+7V 
Vcc 
± 18V 


VOIG 
to 
V ANA 
_, . 
. 
±O.3V 


DGND to AGND 
±O.3V 
Digital Inputs 
-o.3V 
to VOIG +O.3V 
Maximum Junction Temperature. 
. 
+165°C 
Lead Temperature 
(soldering, 
10s).. 
. 
+300°C 


SDM507 
8 Differential 
Channels 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER<') 
RANGE 


SDMS06 
44-Pin PLCC 
329 
~O"Cto+8S·C 
SDMS07 
44·Pin PLCC 
329 
~O·C 
to +8S·C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes could cause the device not to meet its 


published 
specifications. 


The information 
provided herein is believed to be reliable; however. 
BURR·BROW\I 
assumes 
no responcibility 
for inQccuracie~ or omissions. 
BURR-BROWN 
assumes 


no responSibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 


any BURR·BROWN 
product for use in life support devices 
and/or systems. 


BURR· BROWNe 
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BURR - BROWN® 
IElElI 


PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


16-Channel Single-Ended Input 
16-Bit 100kHz Parallel Output 
DATAACQUISITION SYSTEM 


FEATURES 


• 
16-BIT 
RESOLUTION 


• 
100kHz THROUGHPUT 


• 
PROGRAMMABLE 
GAINS (1,10,100,1000) 


• 
16-, or 18-BIT DATA BUS INTERFACE 


.16 
SINGLE-ENDED 
INPUTS: 
SDM516 


• 
8 DIFFERENTIAL 
INPUTS: 
SDM517 


• 
OVERVOLTAGE 
PROTECTION 


• 
ANALOG 
INPUTS: 
70Vp-p 


• 
68-PIN 
PLCC PACKAGE 


The SDM516/517 are 16-channel, single-ended 
and 8- 


channel differential data acquistion systems with 16-bit 
resolution, parallel outputs and programmable 
gains of 


1,10, 
100 and 1,000. 


All these features are contained within a space-saving 
68-pin plastic leaded chip carrier providing 
the ideal 


data acquisition 
solution when space is at a premium. 


The SDM516/517 
will accept industry standard ±IOV 
analog inputs. For low level signals, dynamic range can 
be increased by using the programmable 
gain ampli- 


fier. Input overvoltage 
protection 
on the analog input 
channels provide fault-free operation for input voltages 
up to ±35V. 


8116 
Channel 
MUX 


BURR - BROWNII 
I~~I 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS-PRELIMINARY 


SDM5161517 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
Bits 


ANALOG 
INPUT 
Voltage Ranges 
±10 
V 
Input Impedance: 
On Channel 
1010 
10 
GO 
Off Channel 
1010 
10 
GO 
Input Capac~ance: 
On Channel 
20 
20 
pF 
Off Channel 
20 
.. 
20 
pF 


THROUGHPUT 
SPEED 
Conversion TIme 
7.6 
8 
IlS 
Complete 
Cycle 
Acquire and Convert 
10 
IlS 
Throughput 
Rate 
100 
kHz 


DC ACCURACY 
Integral Unearity 
Error 
6 
8 
LSB'" 


Differential 
Unearity 
Error 
I 
I 


+3, -2 
LSB 
No Missing Codes 
15 
Bits 


Transition 
Noise(2) 
1.3 
LSB 
Full Scale Error<3,4) 
±1 
% 


Full Scale Error Drift 
±10 
ppml"C 
Full Scale Error<3,4) 
Ext. 2.5OV Ref 
±1 
% 


Full Scale Error Drift 
Ext. 2.50V Ref 
±5 
ppml"C 
Bipolar Zero Erro,-(3) 
±13 
±25 
mV 
Bipolar Zero Error Drift 
±5 
ppml"C 
Power Supply Sensitivity 
+4.75V < Vo < +5.25V 
±8 
LSB 


VOIO = VANA = Vo 
10V < ±Vcc < 15V 
±1 
LSB 


AC ACCURACY 
Spurious-Free 
Dynamic Range 
fiN - 45kHz 
87 
dB 
Total Harmonic 
Distortion 
fIN c 45kHz 
87 
dB 
Signal-to-(Noise 
and Distortion) 
fiN = 45kHz 
80 
dB 
~OdB 
Input 
30 
dB 
Signal-la-Noise 
fiN' 
45kHz 
80 
dB 
Full-Power 
Bandwidth'.) 
250 
kHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
40 
ns 
Aperture Jitter 
Sufficient to Meet AC Specs 
Transient 
Response 
FS Step 
2 
IlS 
Overvoltage 
Recovery(7) 
5 
IlS 


REFERENCE 
Internal Reference Voltage 
2.48 
2.5 
2.52 
V 
Internal Reference 
Source Current 
Must Use External Buffer 
1 
~s 
External Reference 
Voltage Range 
for Specijied 
Linearity 
2.3 
2.5 
2.7 
V 
External Reference Current Drain 
Ext. 2.5OV Ref 
100 
~ 
DIGITAL 
INPUTS 
Logic Levels: 


V'L 
-{).3 
+0.8 
V 
V,H 
+4.0 
Vo +0.3V 
V 
III 
±10 
~ 
I'H 
±10 
~A 


DIGITAL 
OUTPUTS 
Data Format 
16-B~ Parallel 
Data Coding 
VOL 
ISINK - 
1.6mA 
+0.4 
V 
VOH 
ISOURCE= 500~ 
+4 
V 
Leakage Current 
High-Z-State, 
Voor = OV to VOIG 
±5 
~ 
Output Caoacitance 
High-Z-State 
15 
pF 


POWER SUPPLIES 
V01G 
Must be S VANA 
+4.75 
+5 
+5.25 
V 
VANA 
+4.75 
+5 
+5.25 
V 
Vcc 
±11.4 
±18 
V 
IOIG 
0.3 
mA 
IANA 
16 
mA 
Vcc 
7 
mA 
Power Dissipation 
fs: 
100kHz 
450 
mW 


TEMPERATURE 
RANGE 
Specified Performance 
-40 
+85 
·C 
Storage 
~5 
+150 
·C 
Thermal 
Resistance, 
6JA 
Plastic PLCC 
75 
·CIW 


NOTES: (1) LSB means Least Significant 
Bit. For the 16-bit, ±10V input SDM5161517, one LSB is 3051J.V.(2) Typical rms noise at worst case transitions 
and 
temporotures. 
(3) As measured with fixed resistors shown In Figure 9. Adjustable to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition vottage (not divided by the full-scale range) and includes 
the effect of offset error. (5) All specijications 
in dB are referred to a full-scale ± 10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency 
at which 
Signal-to-(Noise 
+ Distortion) degrades to 6OdB, or 10 bits of accuracy. 
(7) Recovers to specijied 
performance 
after 2 x FS input overvohage. 


BURR 
- BROWN 
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Burr-Brown Ie Data Book-Mixed 
Signal Products 'E:lE:I' 


CHl 
10 


CH2 
11 


CH3 
12 


CH4 
13 


CH5 
14 


CH6 
15 


CH7 
16 


CH8 
17 


CH9 
18 


CH10 
19 


CHll 
20 


CH1221 


CH1322 


CH1423 


CH1524 


CH1625 


AMPjN 
26 


60 
BUSY 


59 DO 


5801 


57 02 


47 012 


46 013 


45 
014 


44 
015 


Analog 
Inputs: 
Rl'N 
±25V 
R2'N .. 
. 
±25V 
R3'N 
±25V 
CAP 
VANA +0.3V to AaND -Q.3V 
REF 
Indefinite Short to AaND. 


Momentary 
Short to VANA 
Analog 
Input Overvoltage: 
CH1·CH16 Vcc •.............................................................................................. 
+20V 
Vcc- 
-20V 
Supplies: 
VOIG 
. 
+7V 


VANA 
+7V 
Vcc 
. 
±18V 


V01Gto 
VANA 
. 
±O.3V 
DGND to AGND.. 
. 
±0.3V 
Digitai Inputs 
-Q.3V to VD1G +0.3V 


Maximum 
Junction 
Temperature 
+165°C 
Lead Temperature 
(soldering. 10s) 
+300°C 


~ ~ ~ ~~ ~ ~~~ 


3 
2 


60 
BUSY 


59 DO 


58 D1 


SDM517 
8 Differential 
Channels 


CH6- 23 


CH7- 24 


CH8- 25 


AMPIN 
26 


47 012 


46 013 


45 014 


44 015 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER(1) 
RANGE 


SDM516 
68-Pln PLCC 
312 
-40°C to +85°C 
SDM517 
68-Pin PLCC 
312 
-40°C 
to +85°C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes could cause the device not to meet its 


published 
specifications. 


The Informa(foll 
provided 
herein is believed 
to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
tor Inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are sUbject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 


BURR-BROWN'3 
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Signal Products 


~UIVIOO~ 
SDM863 
SDM872 
SDM873 


16 Single Ended/8 Differential Input 
12-BIT DATAACQUISITION SYSTEMS 


• 
COMPLETE 
12-BIT DATA ACQUISITION 
SYSTEM 
IN A MINIATURE 
PACKAGE 


• 
INPUT RANGES 
SELECTABLE 
FOR 
UNIPOLAR 
OR BIPOLAR 
OPERATION 


• 
THROUGHPUT 
RATES: 
862/3 
872/3 
8-BIT ACCURACY: 
45kHz 
67kHz 
12-BIT ACCURACY: 
33kHz 
50kHz 


• 
SELECTABLE 
GAINS OF 1,10, 
AND 100 


• 
FULL MICROPROCESSOR 
COMPATIBLE 
INTERFACE 


• 
GUARANTEED 
NO MISSING CODES OVER 
TEMPERATURE 


• 
SURFACE-MOUNT 
OR PIN GRID ARRAY 
PACKAGE 
OPTIONS 


• 
HIGH RELIABILITY 
SCREENED 
VERSIONS 
AVAILABLE 


• 
FULL SPECIFICATION 
OVER THREE 
TEMPERATURE 
RANGES: 


o to +70°C, -25 to +85°C, -55 to +125°C 


• 
EVERY UNIT SUPPLIED 
WITH 
ELECTRICAL 
TEST DATA 


• 
INDUSTRIAL 
PROCESS 
MONITORING 


• 
AIRBORNE 
SYSTEMS 
MONITORING 


• 
ENGINE MONITORING 


• 
POWER PLANT 
MONITORING 


• 
SECURITY 
SYSTEMS 
MONITORING 


• 
AUTOMATIC 
TEST EQUIPMENT 


16 Single-Ended 
Inputs: 
SDM862 
SDM872 
8 Differential 
Inputs: 
SDM863 
SDM873 
33kHz Throughput 
Rate: 
SDM862 
SDM863 
50kHz Throughput 
Rate: 
SDM872 
SDM873 


The SDM components 
are complete, 
pin-compatible, 
data acquisition systems housed in a hermetically sealed 
I "-square leadless chip carrier or a 1.1"-square pin grid 
array. The small package outlines and low power con- 
sumption 
provide 
an ideal data acquisition 
solution 
when space is at a premium. 


The devices comprise of an input multiplexer, 
instru- 
mentation amplifier with selectable gains, sample/hold 
amplifier and AID converter with microprocessor 
inter- 
face and three-state buffers. 


The SDM family will accept unipolar or bipolar voltage 
inputs in the rangeD to +IOV, ±5V and±IOV. 
For low- 
level signals, jumper-selectable 
gains of 10 or 100 can 
be applied. The number of input channels can be ex- 
panded by the addition of multiplexers. System integra- 
tion is simplified by the microprocessor 
interface and 
the facility 
of the sample/hold 
amplifier 
being con- 
trolled directly by the AID converter. 


BURR - BROWNe 
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CHO 


+ 
16 Single-Ended 


or 
CH7 
8 Differential 
CHO 
Input 


Multiplexer 
CH 
15 
CH7 


SPECIFICATIONS 


ELECTRICAL 


At +25°C. Vcc:: ±15V I Voa :::5V, external samplelhold 
capacitor of 4700pF. All grades 
are burned-In 
at +1250C for 48 hours 
min. 


SDM862186318721873 J, A, R 
SDM862186318721873 K, B, S 


PARAMETER 
MIN 
I 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
I 
12 
Bits 


INPUT 


ANALOG 
I 


Voltage Ranges: Bipolar 
±5,±10 
V 
Unipolar 
0-10 
V 


Input Impedance: On Channel 
1010 
n 
Off Channel 
10'0 
n 


Input Capacitance: 
On Channel 
20 
pF 


Off Channel 
20 
pF 


CMRR (20VDC to 1kHz) 
80 
85 
dB 
Crosstalk (20Vp-p, 1kHz) 
(1) 
-85 
-80 
dB 


Feedthrough 
(at 1kHz) (1) 
-85 
-80 
dB 
Offset (channel to channel) G : 1 (21 
30 
100 
~V 
Input Bias Current/Channel 
1 
5 
nA 
Input Voltage Range 
(3) 
+10 
+11 
V 


-10 
-IS 
V 


DIGITAL 
(7, 8) 


MUX Input Channel Select: Logic '1' 
5 
30 
~A 


Logic '0' 
5 
30 
~A 
MUX Input: Logic High 
4.0 
V 


Logic Low 
0.8 
V 
SlH Command: 
Logic '1' 
0.2 
nA 


Logic '0' 
5 
30 
~A 
ADC Section: Logic '1' 
10 
~A 


Logic '0' 
10 
~A 


TRANSFER 
CHARACTERISTICS 


ACCURACY 
Integral Linearity I") 
J 
±0024 
I 
±0.012 
%FSR 


Differential Linearity 
(4) 
±0.024 
%FSR 
No Missing Codes 
Over Operating Temperature 
Range 


Gain Error (5): G ::: 1 
0.5 
% 


G. 
tOO 
0.9 
% 


Unipolar Offset Error (5) 
16 
mV 


Bipolar Offset Error (5) 
50 
mV 


Noise Error 


(Measured at StH Output) G = 1 
0.5 
1 
mVp-p 


Droop Rate 
50 
500 
~V/ms 


Temperature 
Coefficients: 
Unipolar 
OHoot 
20 
15 
ppm of FSRf'C 


Bipolar Offset 
30 
25 
ppm of FSRf'C 


Full-Scale Calibration 
60 
35 
ppm of FSRf'C 
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SPECIFICATIONS 


SDM86~Y87~73J,A,R 
SDM862186Y8721873 
K, S, S 


PARAMETERS 
MIN 
I 
TYP 
MAX 
I 
MIN 
TYP 
MAX 
I 
UNITS 


SYSTEM TIMINGS 


ADC Conversion Time: SDM8621SDM863 
9 
20 
25 
115 


SDM8721SDM873 
9 
12 
15 
115 


S/H Aperture Delay 
50 
ns 


S/H Aperture Uncertainty 
2 
ns 


TIMING 


Throughput 
(Serial Mode) 


SDM8621SDM863 
22 
kHz 


SDM8721SDM873 
28 
kHz 


(Overlap Mode): 
SDM8621SDM863 
33 
kHz 


SDM8721SDM873 
50 
kHz 


MULTIPLEXER 
(6' 
Switching Time (between channels) 
+1.5 
1lS 


Settling nme 
(1OV step to 0.02"10) 
2.5 
1lS 
Enable Time 'ON' 
1 
2 
115 


'OFF' 
0.25 
0.5 
1lS 


INSTRUMENTATION 
AMPLIFIER 
(6) 
Settling Time (20V step to 0-01"10) 
G .1 
5 
12.5 
115 


G .10 
3 
7.5 
1lS 


G = 100 
4 
7.5 
115 


Slew Rate 
12 
17 
V/lls 


SIH AMPLIFIER 
(6) 
Acquisition (10V step to 0.01%) 
5 
115 


Aperture 
Delay 
50 
ns 
Hold Mode Settling Time 
1.5 
115 


Slew Rate 
10 
V/lls 


OUTPUT 


DIGITAL 
DATA 
I .1. 
USB I 
Output Codes: Unipolar 
Umpolar Straight Binary ( 
) 
Bipolar 
BI~~~OHse[ 
Blnary.(BOB) 
Logic Levels: Logic 0 (Sink = 1.6mA) 
V 
Logic 1 (Source = 500llA) 
+2.4 
V 
Leakage (Data Bits Only), High-Z State 
-5 
0.1 
+5 
llA 


POWER SUPPLY 
REQUIREMENTS 


Rated Voltage: Analog (±Vcc) 
14.25 
15 
15.75 
VDC 
Digital (Voo) 
4.5 
5 
5.5 
VDC 
Supply Drain: +15V 
13 
22 
mA 
-15V 
22 
30 
mA 
+5V 
11 
15 
mA 
Power Dissipation 
580 
855 
mW 


TEMPERATURE 
RANGE 


Operating Temperature 
Range 
JH, KHlJL, KL 
0 
70 
·C 
AH, BH/AL, BL 
-25 
+85 
·C 
RH, SHIRL, SL 
-55 
+125 
·C 
Storage Temperature 
Range 
~5 
+150 
·C 


• Specification 
same as SDM8621863/8721873J, 
A, R grades. 


NOTES: 
(1) Measured 
at the same and hold output. 
(2) Measured 
with all input channels 
grounded. 
(3) The range of voltage 
on any input with respect to common 
over 
which accuracy and leakage current is guaranteed. (4) Applicable overtull operating temperature range. NO MISSING CODES GUARANTEED 
OVER TEMPERATURE 


RANGE. 
(5) Adjustable 
to zero using external 
potentiometer 
or select-an-test 
resistor. 
(6) Specifications 
are at +25°C and measured 
at 50% level of transition. 
(7) When 
using TTL drivers 
a 1kn pull-up 
resistor 
should 
be used. 
(8) Muxes operate 
in a break-before-make 
manner. 


The information 
provided 
herein is be/ioved 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
sha I be entirely 
at the user's own risk. Prices and specifications 
are subject 
to change 
without 
notice. No patent rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product 
for use in Itfe support 
devices 
and/or 
systems. 
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ABSOLUTE 
MAXIMUM 
RATINGS(l) 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


CONVERT MODE 
tdsc 
Status Delay from CE 
100 
200 
ns 
thee 
CE Pulse Width 
50 
30 
ns 
tsse 
CS to CE Setup 
50 
20 
ns 
thsc 
CS Low During CE High 
50 
20 
ns 
tsrc 
Ric to CE Setup 
50 
0 
ns 


thrc 
Ric Low During CE High 
50 
20 
ns 
tsac 
Byte Select to CE Setup 
0 
0 
ns 
thae 
B 
e Selected Valid During CE High 
50 
20 
ns 
te 86X 
Conversion Time: 12 Bit Cycle 
9 
20 
25 
~s 
8 Bit Cycle 
6 
13 
17 
~s 
te 87X 
Conversion Time: 12 Bit Cycle 
9 
12 
15 
~ 
8 Bit Cycle 
6 
8 
10 
~s 


READ MODE 
tdd 
Access Time from CE 
75 
150 
ns 
thd 
Data Valid after CE Low 
25 
35 
ns 
thl 
Output Float Delay 
100 
150 
ns 
t5sr 
GS to CE Setup 
50 
0 
ns 
tsrr 
RIG to CE Selup 
0 
0 
ns 


tsar 
Byte Select to CE Setup 
50 
25 
ns 


thsr 
CS Valid after CE Low 
0 
0 
ns 
thrr 
RIG High after CE Low 
0 
0 
ns 
thar 
Byte Select Valid after CE Low 
50 
25 
ns 


ths 86X 
Status Delay after Data Valid 
100 
500 
1000 
ns 
ths 87X 
Status Delay after Data Valid 
100 
300 
600 
ns 


--t 
:L 
::..--- 
tHEe ~~---- 


tSSC!-- 


+Vee to ACOM 
-<J.5V to +16V 


-Vee to ACOM.. 
. 
+0.5 to -16V 


+VDD to DCOM.. 
. 
-<J.5V to +7.0V 


Analog input Signal Range 
+Vee +20V to -Vee -20V 


Digital Input Signal. 
. 
-<J.5V to +VDD 


ACOM to DCOM 
±1V 


NOTE: (1) Absolute 
maximum ratings are limiting values applied individually, 


beyond which 
the serviceability 
of the circuit 
may be impaired. 
Functions 


operation under any of these conditions is not necessarily 
implied. 


High Power Internal 
Visual Inspection 
. 
Burr-Brown Spec. QC2010 


Stabilization 
Bake 
24Hr at +150°C 


Temperature 
Cycling 
10 Cycles -65°C 
to +150°C 


Constant Acceleration 
30kG, Y1 axis 


Hermeticity Fine Leak 
Helium 5 x 1Q-8cc/s 


Hermeticity Gross Leak 
Fluorocarbon 
Burn-In 
160Hr at +125°C 


CE 
~ 


_tSSA 
CS 


RlC 


1- tSAA 


Byte 
Select 


I-tSAR 


STS 


BURR~BROWNe 
IElElI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


.~,._. 
-"f 
•• •• _ •• lif·· •.••.•• 
"a"!:IIIlO\ 
••••J 
MQUel 
mput 
package 
(%FSR) 
Throughput 
Range (OC) 


SDM862J 
16SE 
L,H 
±0.024 
33kHz 
o to +70 
SDM863J 
8DIF 
L, H 
±0.024 
33kHz 
o to +70 
SDM862K 
16SE 
L,H 
±0.012 
33kHz 
o to +70 
SDM863K 
8DIF 
L, H 
±0.012 
33kHz 
o to +70 
SDM862A 
16SE 
L,H 
±0.024 
33kHz 
-25 to +85 
SDM863A 
8DIF 
L, H 
±0.024 
33kHz 
-25 to +85 
SDM862B 
16SE 
L,H 
±0.012 
33kHz 
-25 to +85 
SDM863B 
8DIF 
L, H 
±0.012 
33kHz 
-25 to +85 
SDM862R 
16SE 
L,H 
±0.024 
33kHz 
-55 to +125 
SDM863R 
8DIF 
L, H 
±0.024 
33kHz 
-55 to +125 
SDM862S 
16SE 
L,H 
±0.012 
33kHz 
-55 to +125 
SDM863S 
8DIF 
L, H 
±0.012 
33kHz 
-55 to +125 


SDM872J 
16SE 
L,H 
±0.024 
50kHz 
o to +70 
SDM873J 
8DIF 
L,H 
±0.024 
50kHz 
o to +70 
SDM872K 
16SE 
L,H 
±0.012 
50kHz 
o to +70 
SDM873K 
8DIF 
L,H 
±0.012 
50kHz 
o to +70 
SDM872A 
16SE 
L,H 
±0.024 
50kHz 
-25 to +85 
SDM873A 
8DIF 
L,H 
±0.024 
50kHz 
-25 to +85 
SDM872B 
16SE 
L,H 
±0.012 
50kHz 
-25 to +85 
SDM873B 
8DIF 
L,H 
±0.012 
50kHz 
-25 to +85 
SDM872R 
16SE 
L,H 
±0.024 
50kHz 
-55 to +125 
SDM873R 
8DIF 
L,H 
±0.024 
50kHz 
-55 to +125 
SDM872S 
16SE 
L,H 
±0.012 
50kHz 
-55 to +125 
SDM873S 
8DIF 
L,H 
±0.012 
50kHz 
-55 to +125 


PACKAGE 
DRAWING 
MODEL 
DESCRIPTION 
NUMBER(') 


PC8621863~1 
LCC (Socketed) Evaluation PCB(2' 
907 
PC8621863-2 
PGA Evaluation PCB 
906 
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MUXADD2 
~ 


MUXADDl 
~ 


MUXADDO 
~ 


MUXENABLE 
~ 


CHO 1£1 


CH1 §] 


CH2 
~ 


CH3 
~ 


CH4 
~ 


CHS 
~ 


CH6 
~ 


CH7 
@Q] 


S/HIN §] 


NC 
~ 


SIHOUT 
~ 


HOLD CAP 
~ 


S/HOUT 
~ 


PIN 
GROUPING 
BY 
FUNCTION 


I 


I 


I 


I 


DOTTED 
LINE 


I~~~~~ 
I SEPARATION 


[jJ 
AMP OUT 
rn AMP REF 


~ 
+lSV(1) 


8] 
-1SV(1) 
o +SV(2) 
[§J 
STATUS 
[2] 
Dl1 
W 
Dl0 
W 
D9 


[!QJ 
D8 
[Ii] 
D7 
[g] D6 
@] 
DS 


~ 
D4 


~ 
D3 


~ 
D2 
@] 
Dl 


TOP VIEW 


SDM862JSDM872 


MUXADD2 
~ 
MUX 


MUXADDl 
~ 


MUXADDO 
~ 


MUXENABLE 
~ 
----- 
CHO+ 1£1 
PIN 
I 
CH1+ §] 
GROUPING 
I 
CH2+ 
~ 
BY 


CH3+ 
~ 
FUNCTION 
I 


TOP VIEW 
CH4+ 
~ 
I DOTTED 


SDM863/SDM873 
~ 
LINE 
CHS+ 
I ~~~~~ 
CH6+ ~ 
CH7+ 
@Q] 
I SEPARATION 
----- 
SlH IN §] 


NC 
~ 


SIHOUT 
~ 
I 


HOLD CAP 
~ 
en 


S/HOUT 
~ 
ND 
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[jJ 
AMP OUT 
rn AMP REF 


~ 
+lSV(l) 
8] 
-1SV(1) 
o +SV(2) 
[§J 
STATUS 
[2] 
Dll 
W 
Dl0 
W 
D9 


[!QJ 
D8 
[Ii] 
D7 


[g] D6 
@] 
DS 


~ 
D4 


~ 
D3 


~ 
D2 
@] 
Dl 


PIN DESIGNATION 
DEANITION 
COMMENTS 
SDM8X2 = SDM862 OR SDM872 


CHO to CH15 
Channel Inputs 
Analog Inputs (Total 16) for single·ended 
and differential operation. Unused 
CHO to CH7 (+, -) 
inputs must be connected to analog common. 


(PINS 40 to 47, 54 to 61) 


MUX OUT +/AMP IN+ 
MULTIPLEXER 
"HI" OUTPUT 
On the SDM8X2 this is the multiplexer output. On the SDM8X3 it is the 
output of the positive selected inputs. It is connected 
internally to the 


(PIN 65) 
positive input of the instrumentation 
amplifier. 


MUXOUT (Pin 67) 
MULTIPLEXER 
'LO' OUTPUT 
This pin is used on the SDM8X3 only. It should be connected to the negative 
input of the instrumentation 
amplifier. 


AMP IN (Pin 66) 
Negative input of instrumentation 
On the SDM8X2 this should be connected to analog common. On the 


amplifier 
SDM8X3 it should be connected to Muxout-(Pin 
67). 


AMP OUT (Pin 1) 
Output of instrumentation 
amplifier 
This pin should be connected to the input of the S/H amplifier (Pin 39). 


AMP SENSE (Pin 68) 
Output sense line of instrumentation 
This pin will normally be connected direct to AMP OUT (Pin 1). 


amplifier 


AMP REF (Pin 2) 
Reference for amplifier output 
This pin will normally be connected to analog common. Care should be 
taken to minimize tracking and contact resistance to analog common to 
optimize system accuracy. 


SlH OUT (Pins 35137) 
Output of samplelhold 
amplifier 
Two pins are prOVided to facilitate a guard ring around the hold capacitor 
pin. These pins should be connected to either ADC in (20V) or ADC in (10V) 
depending on the desired range. 


HOLD CAP (Pin 36) 
Connection for hold capacitor on 
The tracking to the hold capacitor should be as short as possible and a 
SlH amplifier 
guard ring employed using Pins 35 and 37. 


ADC IN (20V); ADC IN (10V) 
Inputs to AiD converter 
Connect to SIH amplifier output. Use appropriate pin for desired range. 


(Pins 21, 22) 


RG, G10, Gl00 
Gain settling pins on instrumentation 
For Gain = 1, no connections. 
For Gain = 10, connect G10 to RG. 
(Pins 62, 63, 64) 
amplifier 
For Gain: 
100, connect Gl 00 to RG. 


REF OUT (PIN 26) 
10V Reference voltage 
This is the reference voltage for the AiD converter. 


REF IN, BIP OFF 
Reference input and offset input to 
Connect trim potentiometers 
(or select-on-test 
resistors) to these pins for 


(Pins 24, 23) 
AID converter 
unipolar or bipolar operation as shown in Figures 12, 13. 


S/H IN (Pin 39) 
Input to sample/hold 
amplifier 
Connect to amp out (Pin 1). 


MUX ENABLE (Pin 48) 
Multiplex enable/disable 
Logic '1' on this pin will enable a selected channel on the internal 
rrultiplexer. 
Logic '0' de-selects all channels. 


MUX ADDO to MUX ADD3 
Address inputs for channel selection 
These address lines select a particular channel as specified in Figure 24. 


(Pins 49 to 52) 


SIH CONT (Pin 33) 
Track/Hold control on S/H amplifier 
Logic '1' holds an analog value for conversion by the AiD converter. This line 
may be controlled by the status (Pin 6) of the converter to simplify external 
timing control. 


SlH COM (Pin 34) 
Reference for StH logic control 
Connect to digital common. 


DOto 011 (Pins 7 to 18) 
3-state digital outputs 
The 12- or a-bit result of a conversion is available as output on these pins 
(DO-LSB, Dl1-MSB). 


STATUS (Pin 6) 
Status of AiD conversion 
Tt'is output is at logic '1' while the internal AiD converter is carrying out a 
conversion. This pin may be used to directly control the SlH amplifier. 


CE (Pin 28) 
Chip enabie 
This input must be at logic '1' to either initiate a conversion or read output 
data (see Figures 10, 17, 18, 19, 20). 


CS (Pin 31) 
Chip select 
This input must be at logic '0' to either initiate a conversion or read output 
data (see Figures 10, 17, 18, 19, 20). 


RlC (Pin 29) 
Read/convert 
Data can be read when this pin is logic '1' or a conversion can be initiated 
when this pin is logic '0'. This pin is typically connected to the RiW control 
line of a microprocessor-based 
system (see Figures 10, 17, 18, 19, 20). 


DATA MODE (Pin 30) 
Select 12- or 8-Bit Data 
When data mode is at logic '1' all 12 output data bits are enabled 
simultaneously. 
When data mode is at logic '0' MSBs and LSBs are 
controlled by byte select (Pin 32). 


BYTE SELECT (Pin 32) 
Byte address, short cycle 
When reading output data, byte select at logic '0' enables the 8 MSBs. Byte 
select at logic '1' enables the 4 LSBs. The 4 LSBs can therefore be connected 
to four of the MSB lines for inter-connection 
to an 8-bit bus. In start convert 


mode, logic '0' enables a 12-bit conversion while logic '1' will short cycle the 
conversion to a bits (see Figure 10). 


+15V(1), +15V(2)(Pins 
3, 27) 
Power Supply 
Connect to +15V supply using decoupling as indicated in Figures 15, 16. 


-15V(1), 
-15V(2)(Pins 
4, 20) 
Power Supply 
Cornect 
to -15V supply using decoupling as indicated in Figures 15, 16. 


ACOM(2) (Pin 25) 
Analog Common 
Analog common connection. Note that a common (including digital 
common) should be connected together at one point close to the device. 


DCOM (1) (Pin 53) 
Reference for MUX logic control. 
Connect to digital common. 


+5V (Pin 5) 
Logic power supply 
Connect to +5V digital supply line with decoupling as in Figures 15, 16. 


DCOM(2) (Pin 19) 
Reference for AiD converter control 
Connect to SlH common at one point close to device. 


Jines 


NC (Pin 38) 
No internal connection 
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SYSTEM DESCRIPTION 


The SDM comprises 
four circuit elements-an 
input-pro- 
tected multiplexer, 
an instrumentation 
amplifier, 
a sample! 
hold amplifier, 
and an analog-to-digital 
converter. 


MULTIPLEXER 


The SDM family has a choice of input multiplexers 
(MUX). 


SDM862 and SDM872: 
16 single-ended 
inputs 


SDM863 and SDM873: 
8 differential 
inputs 


On all models, the analog inputs may be expanded using the 
enable control. See Figure I. When the enable is at a logic 
"0," 
the 
internal 
MUX 
is disabled, 
allowing 
additional 
multiplexers 
to be connected in parallel. The limiting factor 


for the number of additional 
multiplexers 
is the cumulative 
effect of leakage current flowing in the signal source imped- 
ance, causing offset errors. 


Differential 
inputs will generally eliminate the noise associ- 
ated with common 
system grounds, but care must be taken 


MUX 
Extern 


Out 
AO 
AO 


E 
A1 
A1 
0 
A2 
A2 
'1z 
A3 
ow 
A3 


A4 


SDM8X2 
53 
495051524865 


MUX 


Intern 


OUI 


E 
AO 


0 
A1 


'1z 
A2 
Ow 
A3 


+Out 
-Out 
5 
AO 
9 z 
A1 
ow 
A2 


FIGURE 
I. External Multiplexer 
Connections 
for Differen- 
tial and Single-Ended 
Operation. 


to ensure that neither of the differential 
inputs exceed the 


maximum 
input range. 
Otherwise, 
signal 
distortion 
will 
~ 
result. A return path for the input bias currents must always 
N 
be provided. 
This prevents 
the charging 
of stray capaci- 
r-- 
~ 
tances in applications 
using floating sources, such as trans 
d 
- 
~ 
formers and thermocouples. 
Multiplexer inputs are protecte 
N 
from overvoltage, 
as indicated 
in the electrical 
specifica- 
CO 
tions, and should be current limited to 20mA. 
CO:a: 
Where high-speed operation is required and channels require 
C 
rapid sampling, 
then it is important 
to buffer 
the inputs 
en 


against 
the effect 
of current 
sharing 
between 
the MUX 


output 
capacitance 
and the input 
filter 
capacitance. 
See~ 
Figure 2. 
__ 


All data acquisition 
systems using a MUX require consider- 
ation of the errors that may be introduced 
by MUX output 


capacitance. The applications information explains this more 
fully in the input filtering section. 


Shown in Figure 3 is an application 
that demonstrates 
the 


flexibility 
of signal conditioning 
and gives the opportunity 


to use a higher 
bandwidth 
filter. Diodes 
shown 
are low 


leakage 
types 
(Ina). 
The 
low output 
impedance 
of the 
amplifiers 
reduces the time taken to charge MUX capaci- 


tance CM• 


INSTRUMENT 
AMPLIFIER 


The instrument 
amplifier 
(INA) presents 
a very high input 


impedance 
to the signal 
source, 
eliminating 
gain 
errors 


introduced 
by voltage 
divider 
action 
between 
the source 


output 
impedance 
and SDM input impedance. 
Where the 


differential 
models are used, the INA performs the differen- 
tial to single-ended 
conversion required to drive the sample! 


hold amplifier. Gains may be set by using external jumpers, 
to values of I (no jumper), 
10 and 100. For gains other than 
these presets, the following formula may be used to fmd an 
external resistor value to add in series with the G = 10 or G 
= 100 jumpers. 


R 
= 
40kQ 
-Ri 
Where Ri = 4444n, 
G = 10 input. 


'" 
G - 1 
404n. 
G = 100 input. 


It should be noted that the internal gain set resistors have a 
±20% tolerance and ±20ppmrC 
drift. 
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FIGURE 3. Example Application Illustrating Flexible Signal 
Conditioning. 


;- 
X10 
f' 
X100 


REXT 


RG 


Where 
it is necessary 
to keep the input amplifiers 
from 
saturating or increasing the overall gain, then the gain of the 
output amplifier 
can be increased from unity by using the 
circuit in Figure 5. 


The values of the resistors in Figure 5 are in the following 
table. 


O/P 
GAIN 
R1 and R3 n 
R,U 


2 
1200 
2740 
5 
1000 
51' 
10 
1500 
340 


Matching 
of R, 
and 
R3 is required 
to maintain 
high 
common-mode 
rejection (CMR), R2 sets the gain and may 


be varied without effect on CMR. 


To ensure 
that the effects 
of temperature 
are minimized 
when altering the gain with external components, 
it is very 


important to use low tempco resistors. When connecting 
the 


output 
sense, 
ensure 
that series 
resistance 
is minimized 
because resistance 
present will degrade CMR. 


10 


Gain (VN) 


120 


iil 
100 
~ 
" 
.2 
80 
'g 
';;- 
a: 


Q) 
60 
"8 
::<c 
40 
0 
E 
E 
0 
20 
() 


100 
1k 
10k 


Frequency (Hz) 


Gain Sel 
nUCMOS 
HO·'OO 
6 
7 
8 


SDM8X3 
67 


SAMPLE/HOLD 
AMPLIFIER 


The Sample/Hold 
amplifier (S/H) is used to track the incom- 
ing signal and "hold" 
the required 
instantaneous 
value so 


that it does not change while the ADC is carrying 
out its 
conversion. 
Timing 
for the S/H may be derived 
from the 


STATUS 
output 
of the ADC, 
with care being 
taken 
to 


comply with the SDM timing considerations. 


Capacitors with high insulation resistance and low dielectric 
absorption 
such as Tefion™, 
polystyrene 
or polypropylene 


should be used as storage elements. (Polystyrene 
should not 
be used above +80°C-) Tefion™ 
is recommended 
for high 
temperature 
operation. 
Care should be taken in the printed 
circuit 
layout to minimize 
stray capacitance 
and leakage 


currents from the capacitor 
to minimize 
charge offset and 
droop errors. The use of a guard ring driven by the S/H 
output around the pin connecting 
to the hold capacitor 
is 


recommended. 
(Refer to the application 
board layout for an 


example of this.) 


The value 
of the external 
hold capacitor 
determines 
the 


droop rate, charge offset and acquisition 
time of the S/H, 


Figure 8. Droop rate for the SDM is specified with a hold 
capacitor 
value of 4700pf. 
There 
is a trade-off 
between 
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is a corresponding 
increase in acquisition time and reduction 
in droop rate. The droop rate is determined by the amount of 
leakage present in the SDM, board leakage and the dielectric 
absorption 
of the hold capacitance. 
The hold capacitor 
is 
also a compensation 
element for the S/H and should not be 


reduced 
below 2nf for good stability. 
The offset error in 


sample mode is not affected by the hold capacitor. However, 
during the transition 
to hold mode there is approximately 


5pC of charge injected into the hold capacitor, 
causing an 
offset error that has been nulled for use with a 5nf hold" 
capacitor. Any other value for the hold capacitor will cause~ 
a minor but fixed hold mode offset to be introduced, 
and is 


proportional 
to the change in value from 5nf. Therefore, 
the 


SDM should be offset nulled with the S/H in hold mode. 


ANALOG· TO·DIGITAL 
CONVERTER 


This circuit element converts the analog voltage presented 
by the sample/hold 
amplifier 
to a digital number in binary 


format under control of the digital signals detailed in Figure 
9. The converter can convert unipolar and bipolar signals in 
the range IOV and 20V. It can be calibrated to remove gain 
and offset 
errors 
from 
the entire 
system. 
The converter 


contains its own clock, voltage reference, and microproces- 
sor interface 
with 3-state outputs. The converter 
will nor- 
mally be used to digitize signals to 12-bit resolution, 
but it 
can be short-cycled 
to provide 
8-bit resolution 
at higher 


speed. The digital output is compatible with 8- or 16-bit data 
buses, the data format being selected by control signals as 
detailed in Figure 9. 


DATA 
BYTE 
CE 
cs 
Rie 
MODE 
SELECT 
OPERATION 


0 
X 
X 
X 
X 
None 


X 
1 
X 
X 
X 
None 


0 
0 
0 
X 
0 
Initiate 12-bit conversion 


0 
0 
0 
X 
1 
Initiate 8-bit conversion 
1 
v 
0 
X 
0 
Initiate 12-bit conversion 


1 
v 
0 
X 
1 
Initiate 8·bit conversion 


1 
0 
v 
X 
0 
Initiate 12-bit conversion 


1 
0 
v 
X 
1 
Initiate 8-bit conversion 


1 
0 
1 
1 
X 
Eoable 12-bit output 


1 
0 
1 
0 
0 
Enable 8 MSBs only 
1 
0 
1 
0 
1 
Enable 4 LSBs plus 4 


trailing zeros 


Linearity 
error is defined 
as the deviation 
of actual code 


transition 
values 
from 
the 
ideal 
transition 
values. 
Ideal 
transition values lie on a line drawn through zero (or minus 
full scale for bipolar operation) and plus full scale. The zero 
value is located at an analog input value 1/2LSB before the 
first code transition 
(OOOH to 00 IH)' The full-scale 
value is 


located 
at an analog value 3/2LSB 
beyond 
the last code 


transition (FFEH to FFFH) (see Figure). Thus, with the SDM 
connected 
for bipolar operation 
and with a full-scale 
range 
(or span) of 20V (±IOV), the zero value of -IOV is 2.44mV 
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below the flfst code transition (OOOHto OOIHat -9.99756V) 
and the plus full-scale value of + IOV is 7.32m V above the 
last code transition (FFEH to FFFH at +9.99268) (see Figure 
13). 


NO MISSING 
CODES 
(DIFFERENTIAL 
LINEARITY 
ERROR) 


A specification 
which guarantees no missing codes requires 
that every code combination 
appear 
in a monotonically- 
increasing sequence as the analog input is increased through- 
out the range. Thus, every input code width (quantum) must 
have a finite width. If an input quantum has a value of zero 
(a differential 
linearity error of -ILSB), 
a missing code will 


occur. 


The SDM is guaranteed 
to have no missing codes to l2-bit 
resolution 
over 
it's 
respective 
specification 
temperature 
ranges. 


An SDM connected 
for unipolar 
operation 
has an analog 
input range of OV to plus full scale. The first output code 
transition 
should occur at an analog 
input value 
I/2LSB 


above OV. Unipolar offset error is defined as the deviation of 
the actual transition value from the ideal value. The unipolar 
offset temperature 
coefficient 
specifies 
the change 
of this 
transition value versus a change in ambient temperature. 


AID converter specifications 
have historically 
defmed bipo- 
lar offset as the flfst transition 
value above the minus full- 


scale value. The SDM specification, 
however, 
follows the 


terminology 
defined for the 574 converter several years ago. 


Thus, bipolar offset is located near the midscale value of OV 
(bipolar zero) at the output code transition 
7FFH to 800H. 


Bipolar offset error for the SDM is defined as the deviation 
of the actual transition value from the ideal transition value 
located 
I/2LSB 
below OV. The bipolar offset temperature 
coefficient 
specifies the maximum change of the code tran- 


sition value versus a change in ambient temperature. 


The last output code transition (FFEH to FFFH) occurs for an 
analog 
input value 
3/2LSB 
below 
the nominal 
full-scale 


value. The full-scale calibration error is the deviation of the 
actual analog value at the last transition point from the ideal 
value. The full-scale calibration temperature coefficient speci- 
fies the maximum change of the code transition value versus 
a change in ambient temperature. 


The SDM can operate in one of two modes, namely serial 
and overlap, as shown in Figure 10. In serial mode, control 
of the device is such that a multiplexer 
channel X is flfst 


selected, time is then allowed for the instrumentation 
ampli- 
fier to settle, the sample/hold 
amplifier is set to HOLD mode 
and finally a conversion 
is carried out. This procedure 
is 


then 
repeated 
for charmel 
Y. Faster 
throughput 
can 
be 


obtained 
using overlap mode. While a conversion 
is being 


Signal 
Acquisition 
------~._~ 
Conversion-1 


MUX 
Instrumentation 
Samplel 
AID 
Data 
MUX 


Selection 
Amp 
Hold 
Conversion 
Valid 
Selection 


(X) 
Settling 
Acquisition 
(V) 


MUX 
Instrumentation 
Samplel 
MUX 
Instrumentation 
Samplel 
MUX 


Selection 
Amp 
Hold 
Selection 
Amp 
Hold 
Selection 


(X) 
Settling 
Acquisition 
(V) 
Settling 
Acquisition 
(Z) 


Signal 
Acquisition 
. 
Signal 
Acquisition 


~ 
Converson 


AID 
AID 


Conversion 
on 
Data Valid 
Conversion 
on 
Channel (X) 
Channel (V) 
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carried out by the ADC on a voltage from channel X held on 
the sample/hold, 
channel Y is selected and the multiplexer 
and instrumentation 
amplifier allowed to settle. In this way, 
the total throughput 
time is limited only by the sum of the 
sample/hold 
acquisition time and the ADC conversion 
time. 


CALIBRATION 
- UNIPOLAR 


If adjustment 
of unipolar offset and gain are not required, 


then 
the gain 
set potentiometer 
in Figure 
II 
(Unipolar 
operation) 
may be replaced 
with a son, 1% metal film 
resistor, and the offset network replaced with a connection 
from pin 23 to ground. 


20V 
10V 
Span 
Span 
'--v-' 
Inputs 


CALIBRATION 
- BIPOLAR 


If adjustment of bipolar offset and gain are not required then 
the gain set and offset potentiometers 
in Figure 12 (Bipolar 
operation) 
may both be replaced with son, I% metal film 
resistors. 


~J 


20V 
10V 
Span 
Span 
'--v-' 
Inputs 


The input voltage ranges of the ADC are O-JOY, ±5Y and 
~ 


±IOY. Calibration 
in all ranges is achieved by adjusting the 
~ 


offset and gain potentiometers 
(indicated in Figures 
11 and 
CO 


12) such that the 000 to 001 code transition 
takes place at 
~ 
+ I/2LSB from full-scale negative (-FS) and the FFE to FFF 
N 


transition 
takes place at -3/2LSB 
from full-scale 
positive 
~ 


(+FS). The procedure is therefore to select the required range 
~ 


from Figure 13, apply the specified 
(-FS+l/2LSB) 
voltage 
C 


to any selected input channel and adjust the offset potenti- 
en 


ometer 
for the 000 to 001 transition. 
The (+FS-3/2LSB) 
voltage should then be applied to the same channel and thelll 
gain potentiometer 
adjusted for the FFE to FFF transition. 


The offset should always be made before the gain adjustment. 


FULL·SCALE 
coo TO 001 
FFETO 
FFF 
1LSB 


RANGE 
TRANSITION 
VOLT. 
TRANSITION 
VOLT. 
EQUALS 


o-10V 
+0.0012V 
+9.9963V 
2.44mV 
±5V 
-4.9988V 
+4.9963V 
2.44mV 
±10V 
-9.9976V 
+9.9927V 
4.88mV 


802_ 
a. 
801_ 
8 
BOOH 


~ 
7FFH 
g:~~t 
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o "'"f 
~M 
\ 
-: 
!i 
002H 
/ 
:: 


001 H 
/ 
(BOffipose1at'--_',:_Midscale 
(Bipolar 
OOOH 
Transaction):: 
Zero) 
I I 
I I 
~ 
1- 
" 
~I i- 
1/2LSB 
Zero 
1/2LSB 


Zero 
(-Full-Scale 
(-Full 
Scale) 
Calibration 
Transition) 
Analog 
Input 


312LSB1- 
+Full 
+Full-Scale 
Scale 
Calibration 
Transition 


GROUNDING, 
DECOUPLING 
AND LAYOUT 
CONSIDERATIONS 


It should be noted that the multiplexer/instrumentation 
am- 


plifier 
section 
and sample/hold 
plus ADC 
section 
of the 
SDM have separate 
power connections. 
This is to enable 


more 
flexible 
grounding 
techniques 
to be implemented, 


Figures 
IS, 16. It also facilitates 
the use of independent 


decoupling 
of the analog front-end 
power supply, and the 
ADC plus associated 
digital circuitry 
power supply if de- 
sired. In this way, a separately 
decoupled 
analog front-end 
can be made to be substantially 
more immune 
to power 
supply noise generated 
by the ADC circuitry 
than if the 
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The output section has three grounds: 


Pin 25 Analog Common, 
AfD Converter 
Pin 34 S/H Amp Digital Input Reference 
Pin 19 Digital Common, 
AfD Converter 


The input section has one ground: 


Pin 53 Common 
for digital MUX-inputs 
and power 
supply decoupling. 


All grounds 
have to be interconnected 
externally 
to the 
SDM, and it is recommended 
that all grounds are connected 


,,, 
PW':'305 
, 


4 Oplo-Couplers 


FIGURE 
16. Galvanic Isolation Between Analog and Digital Signals. 


5JVUIlU 
lH:t~Klllg 
snOUIO De SKetched 
ana 
a grounding "tree" 


should result whereby all grounds route to a central point. 


In general, 
layout should be such that analog and digital 
tracks 
are separated 
as much 
as possible 
with coupling 
between analog and digital lines minimized 
by careful lay- 
out. For instance, if the lines must cross they should do so 
at right angles to each other. Parallel analog and digital lines 
should be separated from each other by a pattern connected 
to common. 
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FIGURE 
19b. 68000/SDM 
Interface. 
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The Burr-Brown 
SDM family can be easily interfaced 
to 
most microprocessor 
systems, 
as shown in Figures 
17-20. 


The microprocessor 
may control 
each conversion, 
or the 
converter may operate in a stand-alone mode controlled only 
by the R/C input. 


STAND-ALONE 
OPERATION 


The stand-alone 
mode is used in systems containing 
dedi- 


cated input ports which do not require 
full bus interface 
capability. 


Control of the converter is accomplished 
by a single control 
line connected to R/C. In this mode CS and BYTE SELECT 
are connected 
to LOW 
and CE and DATA 
MODE 
are 
connected to HIGH. The output data are presented as l2-bit 
words. 


Conversion 
is initiated by a High-to-Low 
transition of rye. 


The three-state data output buffers are enabled when R/C is 
high and STATUS 
is low. Thus, 
there are two possible 
modes of operation; 
conversion 
can be initiated with either 
positive or negative pulses. In each case the R/C pulse must 
remain low for a minimum 
of 50ns. 


Figure 21 illustrates 
timing when conversion 
is initiated by 
an R/C pulse which goes low and returns to the high state 
during the conversion. 
In this case, the three-state outputs go 
to the high-impedance 
state in response to the falling edge of 
R/C and are enabled 
for external 
access of the data after 
completion 
of the conversion. 
Figure 22 illustrat~ 
the tim- 


ing when conversion 
is initiated by a positive R/C pulse. In 
this mode the output data from the previous 
conversion 
is 


enabled during the positive portion of R/c. 
A new conver- 
sion is started on the falling edge of R/C, and the three-state 
outputs 
return to the high impedance 
state until the next 
occurrence 
of a high R/C pulse. Table I lists timing specifi- 
cations for stand-alone 
operation. 


FULLY CONTROLLED 
OPERATION 


Conversion 
Length 


Conversion 
length (8-bit or l2-bit) is determined by the state 
of the BYTE SELECT input, which is latched upon receipt 
of a conversion 
start transition. 
BYTE SELECT 
is latched 
because it is also involved in enabling the output buffers. No 
other control inputs are latched. If BYTE SELECT is latched 
high, the conversion 
continues 
for 8 bits. The full l2-bit 
conversion 
will occur if BYTE SELECT is low. If all 12 bits 
are read following 
an 8-bit conversion, 
the 3LSBs (DBO- 
DB2) will be low (logic 0) and DB3 will be high (logic I). 
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FIGURE 21. R/C Pulse Low-Outputs 
Enabled After Con- 


version. 
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FIGURE 22. R/C Pulse High-Outputs 
Enabled Only Where 


R/C is High. 


Conversion 
Start 


A conversion is initiated by a transition on any of three logic 
inputs (CE, CS, and R/C)-refer 
to Figure 9. The last of the 


three to reach the required state start the conversion and thus 
all three may be dynamically 
controlled. 
If necessary, 
they 


may change 
state simultaneously, 
and the nominal 
delay 


time is independent 
of which input actually starts the con- 
version. If it is desired that a particular 
input establish 
the 
actual start of conversion, 
the other two should be stable a 


minimum of 50ns prior to the transition of that input. Timing 
relationships 
for start of conversion 
timing are illustrated in 
Conversion 
Cycle Timing of the Digital Specifications. 
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The STATUS output indicates the state of the converter by 
being high only during a conversion. 
During this time the 


three-state output buffers remain in a high-impedance 
state, 
and therefore, data is not valid. During this period additional 
transitions of the three control inputs will be ignored, so that 
conversion 
cannot be prematurely 
terminated 
or restarted. 


However, 
if BYTE SELECT changes state after the begin- 
ning of conversion, 
any additional start conversion transition 


will latch the new state of BYTE SELECT, possibly result- 
ing in an incorrect conversion 
length (8 bit versus 
12 bits) 


for that conversion. 


After conversion 
is initiated, the output data buffers remain 
in a high-impedance 
state until the following four conditions 


are met: RlE. high, STATUS low, CE high, and CS low. In 
this condition 
the data lines are enabled 
according 
to the 


state of the inputs DATA MODE and BYTE SELECT. See 
Read Cycle Timing for timing relationships 
and specifica- 
tion. 


In most 
applications 
the 
DATA 
MODE 
input 
will 
be 
hardwired 
in either the high or low condition, 
although it is 


fully TTL- 
and CMOS-compatible 
and may be actively 
driven 
if desired. 
When 
DATA 
MODE 
is high, 
all 
12 
outputs lines (DBO-DB 11 ) are enabled simultaneously 
for 
full data word transfer to a l2-bit or 16-bit bus and the state 
of the BYTE SELECT is ignored. 


When DATA MODE 
is low, the data is presented 
in the 


form of two 8-bit bytes, with selection of each byte by the 
state of BYTE SELECT during the read cycle. 


The BYTE 
SELECT 
input is usually 
driven by the least 


significant 
bit of the address bus, allowing 
storage of the 


output data word in two consecutive 
memory locations. 


When BYTE SELECT 
is low, the byte addressed 
contains 


the 8MSBs. 
When BYTE 
SELECT 
is high, the byte ad- 


dressed contains the 4LSBs from the conversion followed by 
four zeros that have been forced by the control logic. The 
left-justified 
formats 
of the two 8-bit bytes are shown in 
Figure 23. The design of the SDM guarantees that the BYTE 
SELECT input may be toggled at any time without damage 
to the output buffers occurring. 


In the majority 
of applications, 
the read operation 
will be 
attempted 
only after the conversion 
is complete 
and the 


status output has gone low. In those situations requiring the 
fastest possible access to the data, the read may be started as 
much as (too max + tHS max) before STATUS 
goes low. 


Refer to Read Cycle Timing for these timing relationships. 


There are several assembly methods for the LCC versions of 
the SDM8XX. The associated advantages and disadvantages 
of three methods are outlined below. 


ADVANTAGES 
DISADVANTAGES 


Ease of assembly 
Difficult to inspect 
solder 
joints 


Low cost 
Difficult to clean 


Low weight 
Choice 
of board 
material 
important 
in 


Small 
footprint 
size 
wide temperature 
range 
applications 


In wide temperature 
applications 
it is important to match the 
coefficients 
of thermal 
expansion 
of the board 
and the 
SDM8XXL. 
Below is a list of materials 
and their approxi- 
mate coefficients 
of linear thermal expansion. 


MATERIAL 
(ppmf'C) 
I 


Alumina (96%) - SOM Package 
6·7 
Copper-clad-Invar 
(50% Cu) 
9 


(30% CuI 
6 


(10%Cu) 
, 
3 
Epoxy-Kevlar 
(60% Kevlar) 
6 
Polyimide-Kevlar 
(40% Kevlar) 
6 
Beryllia 
5 
Polyimide-glass 
(x-axis) 
12 
(y-aXis) 
14 


2. ATTACHMENT 
OF 
SURFACE 
MOUNT EDGE CLIPS 


ADVANTAGES 
DISADVANTAGES 


Ease 
of Inspection 
Extra 
cost 


Easy cleaning 
Extra 
assembly 


Thermal 
expansion 
taken 
up by 
the flexing of the edge clips 


ASSEMBLY 


The edge clips are attached to the edges of the SDM8XXL 
as in Figure 24 before the device is mounted on to the board. 


USA 
USA 


DIE-TECH 
iNC .• 
NAS 
Electronics, 


R.D. 1. Sipe Road. 
381 Park St.. 


York Haven, 
Hackensack. 


PA 17370 
USA 
NJ 07602 
USA 
PHONE: (717) 938-6771 
PHONE: (201) 343·3156 


EUROPE 
EUROPE 


SEMI-DICE 
(UK) Ltd. 
NASBRIT 
Ltd. 


Buckingham 
House, 
Wester 
Goudi 
Ind. Est. 


Mineral 
Lane, 
Dundee DD2 4UX 


Chesham, 
UK 
Bucks. HP5 2AU 
UK 
PHONE: 0382 622222 


PHONE: 0494 771275 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


3. SURFACE 
MOUNT 
SOCKET 


ADVANTAGES 
DISADVANTAGES 


Board 
thermal 
expansion 
Cost 


not so critical 
Extra height (if critical) 


Ease 
of component 


replacement 


Socket 


Spring 
cover 


USA 
EUROPE 


Methode Electronics 
INC, 
Lucas 
Methode 
Connectors 
Ltd, 


Interconnect 
Products 
Div. 
Halifax Road 
1700 Hick Road, 
Ingrow Bridge, 
Rolling Meadows, TX 75050 
Keighley, Yorkshire 
BD21 5HR 
USA 
UK 
PHONE: (312) 392-3500 
PHONE: 0535 603282 


General 
Comments 


The advantages 
and disadvantages 
of all the methods men- 


tioned above are for general use of surface mount compo- 
nents. 
Every 
user will find that the importance 
of these 


factors will depend on his application 
and situation. 


EVALUATION 
BOARD 


For the engineer 
who wishes to evaluate the SDM family, 


Burr-Brown 
has designed printed circuit boards on a single 
'Eurocard' 
(shown here for LCC only). These boards enable 


the design 
engineer 
to experiment 
with various 
accuracy 


improvement 
techniques which are described below. Special 
consideration 
has been given to the grounding 
and circuit 
layout techniques 
required when dealing with 12-bit analog 
signals. 


The printed 
circuit 
board 
has been designed 
so that the 


solutions to several of the problems likely to be encountered 
by the user can be examined. 


It should not be thought that every user is required to adopt 
all of the techniques 
used on the circuit 
board. In many 


applications 
very few external components 
will be required. 


However, in following the application 
guidelines 
illustrated 
by the circuitry and accompanying 
notes, the designer will 
be able to select and adapt the solutions most suited to their 
won particular 
application 
or problem area. 


Provisions for the following are made on the LCC PC board: 


-68 
pin LCC socket (Burr-Brown 
Part No. MC0068). 


-8 
differential 
or 16 single-ended 
inputs. 
-Input 
filtering with overvoltage 
protection for each chan- 
nel. 


-Socket 
for quad D-type flip-flop 
74175 (MUX address 


latches). 
__ 
-7 
additional 
LC. sockets for easy interfacing 
to various 
BUS systems (connection 
by wire wrap techniques). 


-2 
voltage regulators 
(l5V). 


-LC 
power supply decoupling. 


The layout 
pays particular 
attention 
to the requirements 


when operating with precision analog signals. This requires 
strict separation of the analog and digital areas. Analog and 
digital 
commons 
are totally 
separated 
and connected 
to- 
gether 
only 
at the commons 
of the supply 
voltage. 
All 
common lines are low resistance 
and low inductance. 


I 


In order 
to avoid 
coupling 
between 
the external 
supply 


voltage 15V supplies, 2 voltage regulators 
(78M15, 79Ll5) 


are provided 
on the PC board. 
The 
unregulated 
supply 
voltage may vary from ±17V to ±25V. 


The MUX/INA 
section and SHC/ADC 
section of the SDM 
have 
separate 
supply 
lines 
which 
can 
be 
inductively 


decoupled. 
This is recommended 
in order to suppress 
the 
high frequency 
noise which comes from the ADC during 
conversion. 


The power supply rejection of the instrumentation 
amplifier 
reduces with increasing 
frequency. 
If high frequency 
noise 
on the supplies is not decoupled 
it will be injected into the 
signal path and cause errors. This effect can be particularly 
pronounced 
when using the' overlap' 
mode since the instru- 


SDM8621872 
SDM8631873 


Channel 
MUX 
MUX 
MUX 
MUX 
MUX 
Channel 
MUX 
MUX 
MUX 
MUX 
Pair 
ADD3 
ADD2 
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ADDO 
Enable 
Selected 
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Enable 
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X 
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The digital supply voltage is +SV and is also LC-filtered. 


All supply lines are bypassed 
with a lO/lf tantalum 
and a 


lOOnF ceramic capacitor situated as close as possible to the 
package. 


If the voltage regulators 
for the ±ISV 
are not used, small 


inductors for decoupling 
of the supply voltages are recom- 
mended. 
If inductors 
are not fitted a dynamic ground loop 


will be created from supply lines via bypass capacitors 
to 
analog common. 


INPUT PROTECTION 


The multiplexer 
is protected 
up to an input voltage which 


can exceed the supply voltage by a maximum of 20V. This 
means, that with ±ISV supply voltage, the input voltage can 
be ±3SV without damage. 
This is also the case when the 


supply voltages are switched off (OV). The maximum 
input 


voltage can then be ±20V. For higher overvoltage protection 
a series resistor has to be used. The current via the multi- 
plexer should be limited to 20mA absolute maximum, 
ImA 
is preferred. For example, a IOkQ series resistor would give 
an additional 
IOV overprotection. 


For much higher overvoltages 
(e.g. lOOV), high value series 
resistors 
cannot 
be used as offset errors would result. In 
practice, a combination 
of series resistors and diodes is used. 


The diodes are connected 
to ±ISV and will conduct when- 
everthe 
input voltage exceeds the ±lSV supply voltage. The 
diodes are selected by signal source impedance, 
as well as 


filter resistance, 
as the diode 
leakage 
current 
across 
the 


series resistor can cause offset and linearity errors. In this 
circuit, IN4148 together with lOkQ are used. 


Processor 
noise can be induced in the analog ground. Input 


filtering is therefore recommended 
for analog data acquisi- 
tion. Such high frequency 
noise signals can cause dynamic 
overload 
of the instrumentation 
amplifier resulting 
in non- 
linear behavior. This leads directly to digitizing errors. 


The design of the filter takes into account the characteristics 
of the SDM and of the signal source. 


The following 
points have to be considered: 


-The 
stray capacitance, 
output capacitance 
of the multi- 
plexer and input capacitance 
of the instrument 
amplifier 


(up to 80pf in some cases) has to be discharged 
in order 
to minimize 
errors caused by 'charge sharing.' 


-The 
series resistor 
limits the current 
in the protection 
diodes, but it also has to be selected for the required filter 
time constant. 


-The 
noise rejection of the filter has to be >80db in order 
to satisfy a 12-bit AfD conversion. 


As well as considering 
the above, different calculations 
have to be carried out for single and differential 
input 


signals. 


~ 


m;T 


.....•.... 
INA 


- 


Single-Ended 
Measurement 


Rr limits the maximum 
input current through the protection 
diodes. 
In this case, 
Rr has been 
chosen 
as 
lOill 
and 
together 
with the capacitor 
Cg, forms the input filter time 


constant 
(Cg = O.47/lf). The time constant must be chosen 
according to the requirements 
of the input signal bandwidth 
and noise rejection. 
The multiplexer 
capacitance 
(Cm) is 


discharged 
mainly by Cg. This means Cg has to be suffi- 


ciently large compared with Cm or charged via Rr prior to re- 
sampling of the signal. 


.I.C"~MUX 
Analog 
In 
em ~ 
- 


~C 
.....•.... 
INA 
Analog~n 
I 
....T·.. 
. 
+ 


R, 
C 
T" 


Differential 
Measurement 


Capacitor Cr, is used for limiting the input signal frequency. 
The bandwidth 
is calculated 
as follows: 
I 
F, = 
41t R,C, 
IF C,> > C, 


When selecting the value of Cr, it should be noted that Cm 
has to be discharged 
when switching the multiplexer 
chan- 
nels. This means that the voltage error of Cr (induced 
by 
'charge 
sharing' 
with Cm) has to be smaller 
than 
ILSB. 


Therefore, 
Cr should have a minimum 
value of a O.47/lf. 


The resistors Rr, together with the source impedance, have to 
be sufficiently 
small in order to recharge Cr prior to signal 


sampling. This prevents errors in the signal value caused by 
the charge stored on Cm by the previously 
selected channel. 


The 2 capacitors Cg form together with Rr a common-mode 
filter. This ftIter greatly improves accuracy in a noisy envi- 
ronment (decrease of common-mode 
rejection of instrumen- 


tation amplifier with increasing 
frequency). 


For good common-mode 
filter operation, 
both time con- 
stants Rr and Cg should match each other within 2%. Addi- 
tional errors will be induced by a mismatch. 


Selected values are: Cr = 0.47/lf, Cg = lOnF, Rr = lOkQ. The 
filter reduces the signal slew rate so that the instrumentation 
amplifier can follow the voltage variation of the signal with 
the noise component 
eliminated. 


In general, all measurements 
which require more than a gain 


of lO should be done in differential 
mode. Single 
ended 


BURR - BROWN_ 


Burr-Brown Ie Data Book-Mixed 
Signal Products IE3E31 


measurements 
should be limited to applications 
where cur- 
rent sources are measured 
via shunts or where signal volt- 


ages in the range of some volts are available. 


Bus-Interface 
As the outputs of the SDM are BUS compatible, 
only a few 


ICs are necessary to interface to various BUS systems. For 
such interfacing, 
20-pin IC sockets are provided. Wiring is 


by wire wrap to the BUS connector. 


Setting of Various 
Modes 
Circuit Board positions 
are provided for the connection 
of 


'jumpers' 
as follows: 


11, 12-ADC 
analog input volt age settings. 


13--Set 
for differential 
(SDM8X3) 
or single ended 


(SMD8X2) 
operation. 


J4--Instrumentation 
amplifier gain settings. 


(a) 16 input channels, 
single ended: 


-Use 
SDM8X2 


--Consider 
single-ended 
filtering 


--Connect 
13 (pin 66) to common 


(b) Differential 
inputs 


-Use 
SDM8X3 


--Consider 
differential 
filtering 


--Connect 
13 (pin 66) to pin 67 


(c) Analog input 


±IOV 
Connect 11 to pin 21 
Connect 12 to pot P2 (lOOn) 
Connect 11 to pin 22 
Connect J2 to pot P2 (lOOn) 


o to +IOV: 
Connect 11 to pin 22 
Connect 12 to junction 
of R,/R2 


(d) Gain of instrumentation 
amplifier 


G = I 
Jumper J4 open 
G = 10 
Jumper J4 to pin 63 


G = 100 
Jumper J4 to pin 64 


Other gains: use additional resistor between pin 62 and pin 
63 (see section on Instrumentation 
Amplifier) as low tempco 


resistor is recommended 
in order to minimize 
gain drift. 
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- 


For Immediate Assistance, Contact Your Local Salesperson 


INPUT FILTER AND PROTECTION 
CIRCUITRY 


SINGLE-ENDED 
DIFFERENTIAL 


26·Pin 
Connector 
26-Pin 
Connector 
Channel 
14 
R, 
14 
R, 
+15V 
-15V 
SOM Pins 
Numbers 


R3 +15V 
-15V 
SOM Pins 
, 
Channel 
R3 
C, 
C. 
, 


15 
47 
Numbers 
15 
: 
47 


1% 
10kO 
'''"'E 


10kO 
0.47~F 


19 
01 
46 
10nF 1% 


R4 


17 
C9 
54 
23 
03 


R5 
19 
46 


11 
44 
r 


R6 


43 
21 
55 


R7 
23 
45 


42 


R8 


4 
2 
41 


R9 
R13 
25 
56 


10 
40 
11 
44 


R10 
R6 


17 
54 
3 
R11 


21 
55 
13 
R14 
57 


R12 
7 
43 


25 
56 
R7 
10 
R13 
4 


11 
13 
57 
R15 
R14 
58 


42 


12 
58 


R15 


R8 


59 
5 
13 
R16 


5 
59 


14 
60 
4 
41 
R17 


15 
12 
61 
r 


R18 
TC16 
! 


6 
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6 
60 


10 
' 
40 
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Rl 
R2 
R3.. R18 
Cl ..C16 


loon I 
. 
100kl1 
For Q-10V Settling 


1Qkn 
1% 


0.47~F-Single 
Ended Input Mode 


10nF 
1Q/o--Differential 
Input Mode 
O.47~F-Differential 
Input Mode 
4.700pF (Polypropylene, Polystyrene or 


letlon™) 


C26 
10nF Ceramic 
P3 
100kl1 Q-10V Range Only 


C27, C29, C35) 10 F T 
I 
(D 
r) 
L1 ..L3 
10~H 
(Decoupling) 


C32, C38, C39 
~ 
anta um 
ecoup Ing 
D1..,D32 
lN4148 (Input Protection Diodes) 


C28, C30, C31 ) 100 F C 
. (D 
r) 
D33, D34 
1N4007 
C36, C37, C40 
n 
eramlc 
ecoup 109 
78 
MC78M15CG 


C33, C34 
0.33~F Tantalum 
79 
MC79L15CG 


Pl 
lOon 
74175 
74LS175 
P2 
lOon :t5V, :t10V Range Only 
Lee Socket 
MC006S 


UNLESS OTHERWISE MARKED-RESISTORS 
ARE 1/4W, 5%, CAPACITORS ARE 10% 
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3 Digital-lo-Analog Converters 


DAC715 is a new monolithic 
16-bit D/A con- 
verter with a high-speed 16-bit parallel double- 
buffered bus interface. It is ideal for industrial 
process control, robotics, and motion controllers. 


DAC716 is a complete monolithic D/A convertet 
that includes a +lOV temperature compensateD 
voltage reference, 
current-to-voltage 
amplifier, 


high-speed synchronous serial interface, a serial en 
output which allows cascading multiple convert- a: 
ers, and an asynchronous clear function which 
W••• 
immediately sets the output voltage to zero. 
a: 
W> 
Zoo 
CJo 
...J« 
Z«• 
~• 
...J 


~ 
CJ 
C 


Burr-Brown offers a wide range of Digital-to- 
Analog (D/A) converters designed to meet critical 
requirements for industrial, audio and waveform- 
generation applications. 


Industrial instrumentation D/As with 12-, 16-, and 
18-bit resolutions are available in industry stan- 
dard pinouts. There are also new smaller size, 
lower-power D/As specified over the extended 
industrial temperature range, -40°C 
to +85°C. 


Dual and Quad D/As are also available in the 
product line. 


DAC714 is a new 16-bit monolithic D/A con- 
verter with internal reference and programmable 
output. Operating with ±12V supplies, DAC714 is 
capable of supporting lOMHz input data rates and 
serial data output for cascaded serial bus connec- 
tions. It is available in 16-pin plastic 0.3" DIP and 
16-lead wide-body plastic SOIC packages. 
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Digital-to-Analog 
Converters 


Parallelinpul 
(Update Rate, mal) 


12-BIT 
DAC600 
(256M Hz, ECL) 
DAC650 
(500MHz, ECL) 


DAC667 
(250kHZ) 
DAC811 
(250kHz) 


DAC80 
(250kHz) 
DAC85 
(250kHz) 


DAC813 
(166kHz) 
DAC2813 (166kHz, Dual) 
DAC4813 (166kHz, Quad) 
DAC2815 (100kHz, Dual) 
DAC4815 (100kHz, Quad) 


16-BIT 
DAC701 
(125kHz) 


DAC703 
(125kHz) 


DAC707 
(125kHz) 
DAC709 
(125kHz) 


DAC725 
(125kHz) 
DAC712 
(100kHz) 


DAC71S 
(100kHz) 


Serialinpul 
(Update Rate, max) 


12-BIT 
DAC2814 (100kHz, 


MDAC, Dual) 


DAC4814 (100kHz, 


MDAC, Quad) 


16-BIT 
DAC56 
DAC725 
DAC709 
DAC714 
DAC714 
DAC716 


(666kHz') 
(125kHz) 
(125kHz) 
(100kHz) 
(100kHz) 
(100kHz) 


18-BIT 
DSP201 
(500kHz) 


DSP202 
(500kHz, Dual) 


8-BIT 
DAC7528 (5MHz, MDAC) 


12·BIT 
DAC7800 (1.25MHz, MDAC) 
DAC7801 (1.25MHz, MDAC) 
DAC7802 (1.25MHz, MDAC) 
DAC7541 (1MHz, MDAC) 
DAC8043 (1MHz, MDAC) 
DAC7545 (500kHz, MDAC) 


16-BIT 
DAC700 
(1MHz) 


DAC702 
(1MHz) 


DAC708 
(1MHz) 


12-BIT 
DAC600 (256M Hz, ECL) 
DAC650 (500MHz, ECL) 


• DENOTES TYPICAL 


BOLD DENOTES 
NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT 
IN DEVELOPMEI 


1,-" 


Settling 
GENERAL PURl 


Resolution 
Linearity 
Time 
Output 
(Bits) 
Error 
(%FSR) 
(lIS) 
Range 
Description 


~DAC56 
16 
±0.012 
1.5' 
±3V 
Serial 
Input, 
Flexible 
Bus 
Interface 


zDAC80 
12 
±0.012 
0.3,3' 
±lmA, 
-2mA; 
+5V, + 10V,±5V, ±lOV 
Industry 
Standard, 
General 
Purpose, 
Flexible 
Bus 
Interface 
•DAC667 
12 
±0.006 
4 
±2.5V, ±5V, ±1 OV, +5V, + 1OV 
Industry 
Standard 
Pinout, 
Flexible 
Bus 
Interface 
tl:l 
DAC700 
16 
±0.0015 
1 
-2mA 
General 
Purpose 
I:: 
...• 
DAC701 
16 
±0.0015 
8 
+10V 
General 
Purpose 
';' 
tl:l 
DAC702 
16 
±0.0015 
1 
±lmA 
General 
Purpose 


C3 
DAC703 
16 
±0.0015 
8 
±10V 
General 
Purpose 
~ 
DAC707 
16 
±0.003 
8 
±10V 
16-Bit 
Parallel, 
Bus 
Interface 
::l..... 
DAC708 
16 
±0.003 
1 
±lmA,-2mA 
Serial/8-bit 
Parallel, 
Bus 
Interface 
(j 
DAC709 
16 
±0.003 
8 
±5V, ±10V, +10V 
Serial/8-bit 
Parallel, 
Bus 
Interface 
\::l 
DAC712 
16 
±0.003 
12 
±10V 
16-Bit 
Parallel, 
Bus 
Interface 
I:l~ 
DAC714 
16 
±0.003 
10 
±10V 
Serial 
Interface, 
Bus 
Interface 
tl:l 
DAC715 
16 
±O,OO3 
10 
Oto 
10V 
Parallel, 
Double 
Buffered 
0 
DAC716 
16 
:to,OO3 
10 
o to 10V 
Serial, Low Noise Reference 
0r 
DAC729 
18 
±0.00075 
5 
±1 mA, -2mA; 
+5V, +1 OV, ±5V, ±1 OV 
Very High 
Resolution 


~ 


DAC725 
16 
±0.003 
8 
±10V 
Dual, 
Serial/8-bit 
Parallel, 
Bus Interface 


DAC811 
12 
±0.006 
4 
±5V,±10V,+10V 
Flexible 
Bus 
Interface 


I:l.. 
DAC813 
12 
±0.006 
4 
±5V,±10V,+10V 
Small, 
Low Cost, 
Flexible 
Bus Interface 
~ 


DAC1600 
16 
±0.003 
8' 
±10V 
Lowest 
Cost 
~ 
DAC2813 
12 
±0.006 
6 
±10, 
0 to 10 
Dual, 
12-bit 
Port, 
Flexible 
Bus Interface 
::l 
DAC2814 
12 
±0.012 
10 
+Vs -1.4V 
(max), 
-Vs +1.4V (min) 
Dual, 
Multiplying 
Serial 
Port, 
Flexibie 
Bus 
Interface 
~ 
"tl 
DAC2815 
12 
±0.012 
10 
+Vs -1.4V 
(max), 
-Vs +l.4V 
(min) 
Dual 
Multiplying 
8-bit 
Port, 
Flexible 
Bus 
Interface 


C3 
DAC4813 
12 
±0.012 
6 
±10V 
QUAD, 
12-bit 
Port, 
Flexible 
Bus Interface 
f2- 
DAC4814 
12 
±0.012 
10 
+Vs -l.4V 
(max), 
-Vs +l.4V 
(min) 
QUAD, 
Multiplying 
Serial 
Port, 
Flexible 
Bus Interface 


<"I 
DAC4815 
12 
±0.012 
10 
+Vs -l.4V 
(max), 
-Vs 
+ 1.4V (min) 
QUAD, 
Multiplying 
8-bit 
Port, 
Flexible 
Bus 
Interface 
"' 
DAC7528 
8 
±0.012 
0.18 
OtolmA 
Dual 
Multiplying 
DAC, 
Flexible 
Bus 
Interface 


DAC7541A 
12 
±0.012 
1 
OtolmA 
Industry 
Standard, 
Bus Interface 


DAC7545 
12 
±0.012 
2 
Oto 
lmA 
Industry 
Standard 
w/Latch, 
Bus Interface 


DAC7800 
12 
±0.012 
0.8 
Oto 
lmA 
Octal, 
Serial 
Interface, 
with 
Bus Interface 


DAC7801 
12 
±0.012 
0.8 
Oto 
lmA 
8-bit 
Port 
Interface, 
with 
Bus Interface 


DAC7802 
12 
±0.012 
0.8 
Oto 
lmA 
12-bit Port 
Interface, 
with 
Bus Interface 


DAC8043 
12 
±0.012 
0.25' 
Oto 
1mA 
Single 
w/Bus, 
with 
Bus 
Interface 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPI 


Some 
specifications 
have been estimated 
for campar 


DIGITAL-TO-ANALOG CONVERTERS f·~'··~·~~·'~~-' 


Product 


DSP201 
DSP202 


Product 


DAC600 
DAC650 


I 
• 


Resolution 
(Bits) 


12 
12 


Resolution 
(Bits) 


18 
18 


Max 
Update 
Rate 


256MHz 
500MHz 


Linearity 
Error 
(%FSR) 


to.006 
to.006 


SFDR, 10= 1MHz 
(Vour = FS) 


-74dB SFDR 
-70dB SFDR 


Settling 
Time(~) 


NS 
NS 


Output 
Range 


-1V, -20mA 
t1V, t20mA 


Output 
Range (V) 
t3 
t3 


Input 
Format 


Parallel 
Parallel 


Power 
Supply 
(V) 


-5.2 
t15,t5 


Comments 


DSP-Compatible Digital Interface, Single 
DSP-Compatible Digital Interface, Dual 


Package 


68 PLCC 
68 LEAD 


Max Power 
Dissipation 
(mW) 


1.3W 
2.0W 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


BURR - BROWN® 
IElElI 


Monolithic 
16-Bit Resolution 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
COMPLETE 
D/A CONVERTER: 


Internal 
Voltage 
Reference 


±3V Output 
Operational 
Amplifier 


Pinout 
Allows 
lOUT(±1.0mA) 
Option 


No external 
components 
required 


.0.012% 
LINEARITY 
ERROR 
MAX 


• 
12-BIT 
MONOTONICITY 
GUARANTEED 
OVER O°C TO +70°C 


• 
±5V TO ±12V POWER SUPPLY 


• 
SETTLING 
TIME: VOUT= 1.5J..LS; 


lOUT= 350ns 


• 
SERIAL 
DATA INPUT: 
Binary 
Two's 


Complement 


• 
16-PIN PLASTIC 
DIP AND SOIC 


The 
DAC56 
is a complete 
16-bit monolithic 
D/A 


converter. 
Completely 
self-contained 
with a stable, 


low noise, internal zener voltage reference; high-speed 
current switches; a resistor ladder network; and a low 
noise 
output 
operational 
amplifier 
all on a single 


monolithic 
chip. The DAC56 
operates 
over a wide 


power supply range from ±5V to ±12V. 


Differential 
linearity 
error 
(DLE) 
is guaranteed 
to 


meet specifications 
without external adjustment. How- 


ever, provisions 
for an externally 
adjustable 
circuit 
controlling 
the MSB error, the differential 
linearity 


error at bipolar zero, makes the DLE at BPZ essen- 
tially zero and provides for high system performance. 
The I/V amplifier 
stage includes 
an output 
current 
limiting circuit to protect both amplifier and load from 
excessive current. This assures the user of high system 
reliability . 


• 
PROCESS 
CONTROL 


• 
ATE PIN ELECTRONICS 
LEVEL 
SETTING 


• 
CLOSED-LOOP 
SERVO-CONTROL 


• 
AUTO-CALIBRATION 
CIRCUIT 
FOR AID 


BOARDS 


• 
UP-GRADE 
REPLACEMENT 
FOR 
MULTIPLYING 
D/A 


• 
X-Y PLOTTER 


• 
DSP PROCESSOR 
BOARDS 


A high-speed 
interface is capable of clocking 
in data 


at a rate of IOMHz max, and its interface 
logic con- 
tains a serial data clock (input), serial data (input) and 
latch-enable 
(input). Serial data is clocked MSB first 
into a 16-bit register 
and then latched 
into a l6-bit 
parallel register. 


The DAC56 is packaged 
in a 16-pin plastic DIP and 
16-pin SOle. 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUT 
Resolution 
16 
Bits 


Digital Input Level: 
(1) V1H 
+2.4 
+V, 
V 
Vil 
0 
+0.8 
V 
IIH· VI::::: +2.7V 
+1 
~ 
IlL· VI = +O.4V 
-50 
~A 
Input Clock 
Frequency 
10 
MHz 


ACCURACY 
Integral Linearity Error 
±0.012 
%ofFSR(3) 


Differential Linearity Error 
±0.024 
%ofFSR 
Gain Error 
±1.5 
%ofFSR 
Bipolar Zero Error 
±D.5 
%ofFSR 
Monotonicity 
O·C to +70·C 
12 
Bits 


TEMPERATURE 
DRIFT 
aoc to +70°C 
Gain Drift 
±SO 
ppm of FSRI"C 
Bipolar Zero Drift 
±20 
ppm of FSRI"C 
Linearity Drift 
±0.012 
% of FSR 
Differential Linearity Drift 
±0.024 
%ofFSR 


POWER SUPPLY SENSmVITY 
±Vs: 
±V,: 
±5VDC 
Gain 
±0.0045 
% of FSRI"/.V 
Bipolar 
Zero 
±0.0015 
%ofFSR/O/OV 


SETTLING TIME 
to ±0.006% of FSR 
Voltage Output 
6V Step 
1.5 
~s 


lLSB 
1 
~s 
Current Output 


lmA Step 
10 to lOOn Load 
350 
ns 


1kn Loadl3) 
350 
ns 


Slew Rate 
12 
V/~s 


ANALOG 
OUTPUT 


Voltage 
Output 
Configuration 
Bipolar Range 
±2.66 
±3.0 
±3.34 
V 
Output 
Current 
±8 
mA 
Output Impedance 
0.1 
n 
Short Circuit Duration 
Indefinite to Common 
Current 
Output 
Configuration 
Bipolar Range 
±1 
mA 
Output Impedance 
1.2 
kn 


WARMUP TIME 
1 
min 


POWER SUPPLY REQUIREMENTS(') 
Supply Voltage 
+Vs and +Vl 
+4.75 
+5.00 
+13.2 
V 
-Vs and-VL 
-4.75 
-5.00 
-13.2 
V 
Supply Drain (No Load) 


+V (+Vs and +VL = +5V) 
+10 
+17 
mA 
-V (-Vs and -V, = -5V) 
-25 
-35 
mA 
+V (+Vs and +V, = +12V) 
+12 
mA 
-V (-Vs and -V, = -12V) 
-27 
mA 
Power 
Dissipation 
Vs and V, = ±5V 
175 
260 
mW 
Vs and V,: 
±12V 
468 
mW 


TEMPERATURE 
RANGE 
Specification 
0 
70 
·C 
Storage 
-W 
100 
·C 


NOTES: (1) Logic input levels are TIL-/CMOS-compatible. 
(2) FSR means full-scale range and is equivalent to 6V (±3V) for DAC56 in the Your mode. (3) Measured 
with an active clamp to provide a low impedance for approximately 
200ns. (4) All specifications 
assume +Vs connected to +Vl and -Vs connected to -Vl.lf 
supplies 
are connected separately, -Vl 
must not be more negative than -Vs to assure prooer operation. No similar restriction applies to the value of +Vl with respect to +Vs. 
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PIN 
NAME 
FUNCTION 


1 
-Vs 
Analog Negative Supply 
2 
lCOM 
Logic Common 


3 
+Vl 
Logic Positive 
Supply 
4 
NC 
No Connection 


5 
ClK 
Clock Input 
6 
lE 
Latch Enable Input 
7 
DATA 
Serial Data Input 


8 
-Vl 
logic 
Negative Supply 
9 
Vour 
Voltage Output 
10 
RF 
Feedback 
Resistor 
11 
SJ 
Summing 
Junction 


12 
ACOM 
Analog 
Common 


13 
lOUT 
Current 
Output 
14 
MSB ADJ 
MSB Adjustment 
Terminal 
15 
TRIM 
MSB 
Trim-pot 
Terminal 
16 
+Vs 
Analog Positive Supply 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


DAC56P 
16-Pin Plastic DIP 
802 
DAC56U 
16-Pin SOIC 
803 


NOTES: 


-:::!:- 
"" Analog 
Common 


DC Supply Voltage 
±15VDC 


Input logic 
Voltage 
-lV 
to +Vs/+Vl 


Power Dissipation.. 
. 
850mW 
Operating Temperature 
-25°C 
to +70°C 
Storage Temperature.. 
. 
-SO°C to +100°C 


Lead Temperature (soldering. 10s).. 
. 
+300°C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 


formance 
degradation 
to complete 
device 
failure. 
Burr- 


Brown Corporation 
recommends 
that all integrated 
circuits 


be handled 
and stored 
using 
appropriate 
ESD protection 


methods. 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 


The accuracy of a D/A converter is described by the transfer 
function as shown in Figure 1. Digital input to analog output 
converter 
relationships 
are shown in Table I. The errors in 
the D/A converter are combinations 
of analog errors due to 
the linear circuitry, matching and tracking properties of the 
ladder and scaling 
networks, 
power supply rejection, 
and 
reference 
errors. In summary, these errors consist of initial 


errors including gain, offset, linearity, differential 
linearity, 
and power supply sensitivity. 
Gain drift over temperature 
rotates the line (Figure I) about the bipolar zero point and 
offset drift shifts the line left or right over the operating 
temperature 
range. Most of the offset and gain drift is due to 
the drift of the internal reference zener diode with tempera- 
ture or time. 


The converter is designed so that these drifts are in opposite 
directions. 
This way the bipolar 
zero voltage 
is virtually 
unaffected 
by variations 
in the reference 
voltage. 
r 


-FSRJ2f ~ 
I 


~'-(l----- 


FIGURE 
I. Input 
vs Output 
for an Ideal 
Bipolar 
D/A 
Converter. 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


Binary Two's 
Voltage (V). 
Current (mA), 


Complement 
(BTC) 
DAC Output 
VouTMode 
lOUT Mode 


7FFFH 
+ Full scale 
+2.999908 
-j).999970 
8000H 
- Full Scale 
-,').000000 
+1.000000 


OOOOH 
Bipolar Zero 
0.000000 
0.000000 
FFFFH 
Zero-1LSB 
-j).000092 
+0.0305001lA 


DIGITAL INPUT CODES 


The DAC56 accepts serial input data (MSB first) in Binary 
Two's Complement 
form-Refer 
to Table I for input/output 
relationships. 


Power 
supply 
decoupling 
capacitors 
should 
be added 
as 


shown in the Connection 
Diagram (Figure 2), for optimum 
performance 
and noise rejection. 


These capacitors 
(lw 
tantalum 
recommended) 
should be 
connected 
as close as possible to the converter. 


-fN 


I~F= 


-5V 


1IJFV 


MSB ERROR ADJUSTMENT 
(OPTIONAL) 


Differential 
linearity 
error at all codes 
of the DAC56 
is 
guaranteed to meet specifications 
without an external adjust- 


ment. However, 
if adjustment 
of the differential 
linearity 
error at bipolar zero is desired, it can be trimmed essentially 
to zero using the circuit as shown in Figure 3. 


470kO 
100kO(l) 
200kO 


Trim15~1-Vs 


MSBAdjUSt14~' 
NOTE: (1) 10·15 turns. 


After allowing 
ample warm-up 
time (5 to 10 minutes) 
to 
assure stable operation, 
select the input code FFFFH• Mea- 
sure the output 
voltage 
using a 6-1/2 digit voltmeter 
and 
record the measurement. 
Change 
the digital input code to 
ססOO"' Adjust the IOOkQ potentiometer 
(TCR of 1000pm 
per °C or less is recommended) 
to make the output voltage 
read ILSB more than the voltage reading 
of the previous 
code (ex. ILSB = 92JlV at FSR = 6V). 


If the MSB adjustment 
circuit is not used, pins 14 and 15 


should be left open. 
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NOTES: (1) If clock is stopped between input of 16-bit data words, latch enable (LE) must remain low until atter the first clock of the next 
16-bit 
data 


word stream. 
(2) Data format is binary two's complement 
(BTC). 
Individual data bits are clocked 
in on the corresponding 
positive clock edge. 
(3) Latch 
enable 
(LE) must remain 
low at least one clock cycle after going negative. 
(4) Latch enable 
(LE) must be high for at least one clock cycle before going 


negative. 


INPUT TIMING CONSIDERATIONS 


Figures 4 and 5 refer to the input timing required to interface 
the inputs of DAC56 to a serial input data stream. Serial data 
is accepted in Binary Two's Complement with the MSB being 
loaded first. Data is clocked in on positive going clock (CLK, 
pin 5) edges and is latched into the DAC input register on 
negative going latch enable (LE, pin 6) edges. 


The latch enable input must be high for at least one clock cycle 
before going low, and then must be held low for at least one 
clock cycle. The last 16 data bits clocked into the serial input 
register are those that are transferred to the DAC input register 
when latch enable goes low. In other words, when more than 
16 clock cycles occur between a latch enable, only the data 
present during the last 16 clocks will be transferred 
to the 


DAC input register. 


Figure 4 gives the general 
input format 
required 
for the 


DAC56. Figure 5 shows the specific relationships between the 
various signals and their timing constraints. 


X~__ M_SB_~X 


!:-> 40n5 
- 
..• 
> 40n5 -I 


> lOOns 


> 5ns 


r-:, 
, 
L~{ 
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BURR - BROWN® 
IEI~I 
DAC80 
DAC80P 


Monolithic 
12-Bit 
DIGITAL- TO-ANALOG 
CONVERTERS 


• 
INDUSTRY 
STANDARD 
PINOUT 


• 
FULL ±10V SWING WITH Vcc = ±12VDC 


• 
DIGITAL 
INPUTS ARE TTL- AND 
CMOS-COMPATIBLE 


• 
GUARANTEED 
SPECIFICATIONS 
WITH 


±12V AND ±15V SUPPLIES 


• 
±1/2LSB 
MAXIMUM 
NONLINEARITY: 
O°C to +70°C 


• 
SETTLING 
TIME: 4~ 
max to ±O.01% of 
Full Scale 


• 
GUARANTEED 
MONOTONICITY: 
O°C to +70°C 


• 
TWO PACKAGE 
OPTIONS: 
Hermetic 
side- 
brazed ceramic 
and low-cost 
molded 
plastic 


This monolithic 
digital-to-analog 
converter is pin-for- 
pin equivalent 
to the industry 
standard 
DAC80 first 
introduced 
by Burr-Brown. 
Its single-chip 
design in- 


cludes 
the output 
amplifier 
and provides 
a highly 
stable reference 
capable of supplying up to 2.5mA to 
an external 
load without degradation 
of D/A perfor- 


mance. 


This converter 
uses proven circuit techniques 
to pro- 


vide accurate and reliable performance 
over tempera- 


ture and power supply variations. The use of a buried 
zener 
diode 
as the basis for the internal 
reference 
contributes 
to the high stability and low noise of the 
device. Advanced methods of laser trimming result in 
precision output current and output amplifier feedback 


resistors, 
as well as low integral and differential 
lin- 
earity 
errors. 
Innovative 
circuit 
design 
enables 
the 
DAC80to 
operate at supply voltages as low as ±11.4V 
with no loss in performance 
or accuracy 
over any 
range of output voltage. The lower power dissipation 
of this 
Its-mil 
by 
121-mil 
chip 
results 
in higher 
reliability 
and greater long term stability. 


Burr-Brown 
has further enhanced the reliability of the 
monolithic DAC80 by offering a hermetic, side-brazed, 
ceramic 
package. 
In addition, 
ease of use has been 
enhanced 
by eliminating 
the need for a +5V logic 
power supply. 


For applications 
requiring 
both reliability 
and low 
cost, the DAC80P in a molded plastic package offers 
the same electrical 
performance 
over temperature 
as 


the ceramic 
model. 
The DAC80P 
is available 
with 
voltage output only. 


For designs that require a wider temperature range, see 
Burr-Brown 
models DAC85H 
and DAC87H. 


12·8it 
Resistor 
Ladder 
Network 
and 


Current 
Switches 


Offset 


Adjustment 


---+Supply 
----Supply 
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DAC80 


MIN 
TYP 
MAX 


12 


+2 
+16.5 
0 
+0.8 
+20 
-180 


±1/4 
±112 


±112 
±314 
±0.1 
±0.3 


±0.05 
±0.15 


±10 
±25 


±0.06 
±0.15 
±0.06 
±0.12 
±10 
±30 


±5 
±10 
±1 
±3 
±7 
±15 
±112 
±314 
±1/4 
±1/2 
+70 


PARAMETER 


DIGITAL INPUT 
Resolution 
Logic Levels (O'C to +70'C)111: 


V," (Logic "1") 
VIL(Logic "0") 
IIH (V1N::: +2.4V) 
III (V,N = +O.4V) 


ACCURACY 
(at +25'C) 


Linearity Error 
Differential linearity Error 
Gain 
Error(2) 


Offset 
Error(2) 


DRIFT (O'C to +70'C)I'1 
Total Bipolar Drift (includes gain, offset, and linearity drifts) 
Total Error Over DoC to +70°C(5) 


Unipolar 
Bipolar 
Gain: 
Including 
Internal 
Reference 


Excluding Internal Reference 


Unipolar Offset 
Bipolar Offset 
Differential Linearity DoC to +70De 
Linearity 
Error oDe to +70°C 


Monotonicity 
Guaranteed 


CONVERSION 
SPEED, VOUTModels 
Settling Time to±O.01% 
of FSR 
For FSR Change (2kn II 500pF Load) 
with 10kn Feedback 
with 5kn Feedback 


For 1LSB Change 


Slew Rate 


CONVERSION 
SPEED, lOUTModels 


Settling Time to ±O.Ol % of FSR 
For FSR change: 1on to 1Don Load 


1kn Load 


ANALOG 
OUTPUT, VOUTModels 
Ranges 
Output 
Current<6) 


Output Impedance (DC) 
Short Circuit to Common, Duration(7) 


ANALOG 
OUTPUT, lOUTModels 


Ranges: Bipolar 
Unipolar 
Output Impendance: 
Bipolar 
Unipolar 


±0.96 
-1.96 
2.6 
4.6 
-2.5 


+6.23 


Compliance 


REFERENCE 
VOLTAGE 
OUTPUT 
External Current (constant load) 
Drift vs Temperature 
Output Impedance 


POWER SUPPLY SENSITIVITY 
Vcc = ±12VDC or ±15VDC 


POWER SUPPLY REQUIREMENTS 
±Vcc 
Supply Drain (no load): +Vcc 


-Vec 


Power Dissipation (Vcc =±15VDC) 


TEMPERATURE 
RANGE 


Specification 
Operating 
Storage: Plastic DIP 
Ceramic DIP 


±1.0 
±1.04 


-2.0 
-2.04 
3.2 
3.7 
6.6 
8.6 
+2.5 


+6.30 
+6.37 
2.5 
±10 
±20 


1 


±0.002 
±0.OO6 


±16.5 
8 
12 


15 
20 


345 
480 


+70 
+85 
+100 
+150 


LSB 
LSB 


% 
%01 
FSR(3) 


% of FSR 
%ofFSR 
ppmf'C 
ppmf'C 


ppm of FSRI'C 
ppm of FSRI'C 
LSB 
LSB 
°C 


mA 
mA 
kn 
kn 
V 


V 
mA 
ppml'C 
n 


NOTES: (1) Referta WLogic Input Compatibility" section. (2) Adjustable to zerowilh external trim potentiometer. 
(3) FSR means full scale range and is 20V for±1 OV range, 


1OV tor ±5V 
rango 
for Your 
modcl~; 
2mA 
for 'OUT model~. 
(4) To maintain 
drift :5pOC, internal 
feedback 
resistors 
must 
be used. 
(5) Includes 
the effects 
of gain, 
onset 
and linearity drift. Gain and offset errors externally adjusted to zero at +25 


DC. (6) For tVee less than ±12VDC. limit output current load to ±2.5mA to maintain ±1 OVfull 


scale output voltage swing. For output range of ±5V or less, the output current is ±5mA over entire tVee range. (7) Short circuit current is 40mA, max. 
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For Immediate Assistancej Contact YourLocal Salesperson 


FUNCTIONAL 
DIAGRAM 
AND PIN ASSIGNMENTS 


20V Range 


10V Range 


+Vcc to Common 
OV to +18V 


-Vcc to Common.. 
. 
OV to -18 
Digital Data Inputs to Common. 
. 
-1V to +18V 
Reference 
Output to Common 
. ±VCC 


Reference 
Input to Common.. 
. 
±Vcc 


Bipolar Offset to Common 
±VCC 


lQV Range 
R to Common 
... ±VCC 
20V Range R to Common 
±V", 


External Voltage to DAC Output. 
. 
-5V to +5V 
Lead Temperature 
(soldering, 
10s) 
. 
+300°C 
Max Junction Temperature 
165°C 
Thermal 
Resistance, 
9JA:Plastic DIP 
100OCIW 
Ceramic DIP 
65°CIW 


Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute maxi- 
mum conditions for extended periods may affect device reliability. 


MODEL 
PACKAGE 
OUTPUT 


DAC80-CBI-1 
Ceramic 
DIP 
Current 
DAC80Z-CBI-I 
Ceramic 
DIP 
Current 
DAC80-CBI-V 
Ceramic 
DIP 
Voltage 
DAC80Z-CBI-V 
Ceramic 
DIP 
Voltage 
DAC80P-CBI-V 
Plastic DIP 
Voltage 


BURN-IN SCREENING 
OPTION 


BURN·IN TEMP. 
MODEL 
PACKAGE 
(l60h~" 


DAC80-CBI-V-BI 
Ceramic 
DIP 
+125°C 
DAC80P-CBI-V-BI 
Plastic DIP 
+125°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


DAC80P 
24-Pin Plastic DIP 
167 


DAC80 
24-Pin 
Ceramic 
DIP 
125 


Burn-in 
screening 
is an option 
available 
for the models 


indicated 
in the Ordering 
Information 
table. Burn-in dura- 
tion is 160 hours at the maximum 
specified grade operating 


temperature 
(or equivalent 
combination 
of time and tem- 
perature). 


All units are tested after burn-in to ensure that grade speci- 
fications 
are met. To order burn-in, 
add "-BI" 
to the base 
model number. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Bit 1 (MSB) 
15 
-Vcc 


2 
BI12 
16 
VOUT 


3 
Bil3 
17 
Ret In 


4 
Bil4 
18 
Bipolar Offset 


5 
Bil5 
19 
Scale 10V FSR 


6 
Bil6 
20 
Scale 20V FSR 


7 
Bil7 
21 
NC 


8 
Bil8 
22 
Sum Junct 


9 
Bit 9 
23 
COM 


10 
Bit 10 
24 
COM 


11 
Bit 11 
25 
+Vcc 


12 
Bit 12 (lSB) 
26 
Gain Adjust 


13 
NC 
27 
6.3V RelOul 


14 
NC 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
118x121±5 
3.0x3.07±0.13 
Die Thickness 
20±3 
0.51 ± 0.08 
Min. Pad Size 
4x4 
0.10xO.10 


Metalization 
Aluminum 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Bill 
(MSB) 
15 
-Vcc 


2 
Bit 2 
16 
lOUT 


3 
Bit 3 
17 
Ref In 


4 
Bil4 
18 
Bipolar Offset 


5 
Bil5 
19 
Scale 10V FSR 


6 
Bit 6 
20 
Scale 20V FSR 


7 
Bil7 
21 
Scale 


8 
Bil8 
22 
NC 


9 
Bil9 
23 
COM 


10 
Bil10 
24 
COM 


11 
Bit11 
25 
+Vcc 


12 
Bit 12 (lSB) 
26 
Gain Adjust 


13 
NC 
27 
6.3V RetOut 


14 
NC 


MilS 
(0.001") 
MilLIMETERS 


Die Size 
118x121±5 
3.0 x 3.07 ± 0.13 


Die Thickness 
20± 3 
0.51 ± 0.08 


Min. Pad Size 
4x4 
0.10xO.l0 


Metalization 
Aluminum 
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The DAC80 
accepts 
complementary 
binary 
digital 
input 
codes. The CBI model may be connected by the user for any 
one of three complementary 
codes: CSB, COB, or CTC (see 


Table I). 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


CSB 
COB 
GTGll) 


Complementary 
Complementary 
Complementary 
Siraighl 
Offsel 
Two's 


MSB 
LSB 
Binary 
Binary 
Complement 
~ 
~ 


000000000000 
+Full Scale 
+Futt Scale 
-1LSB 


01"1'11"1' 
+1/2 Full Scale 
Zero 
-Full Scale 


'00000000000 
1/2 Full Scale -, LSB 
-1LSB 
-Full Scale 


'1"11"1'11 
Zero 
-Full Scale 
Zero 


NOTE: 
(1) Invert the MSB of the COB code with an external inverter to obtain 
CTC code. 


Linearity 
of a D/A converter 
is the true measure 
of its 


performance. 
The linearity error of the DAC80 is specified 
over its entire temperature 
range. This means that the analog 


output will not vary by more than ±1/2LSB, maximum, from 
an ideal straight line drawn between the end points (inputs 
all "I"s and all "O"s) over the specified temperature 
range of 
O°C to +70°C. 


Differential 
linearity error of a D/A converter 
is the devia- 
tion from an ideal ILSB voltage change from one adjacent 
output state to the next. A differential 
linearity error speci- 
fication of ±1/2LSB means that the output voltage step sizes 
can range from 1/2LSB to 3/2LSB when the input changes 
from one adjacent input state to the next. 


Monotonicity 
over a O°C to +70°C range is guaranteed in the 
DAC80 
to insure that the analog 
output 
will increase 
or 
remain the same for increasing 
input digital codes. 


Gain Drift is a measure of the change in the full scale range 
output over temperature 
expressed 
in parts per million per 


°C (ppmrC). 
Gain drift is established 
by: I) testing the end 
point differences 
for each DAC80 model at O°C, +25°C, and 
+70°C; 2) calculating the gain error with respect to the 25°C 
value, 
and; 3) dividing 
by the temperature 
change. 
This 
figure is expressed 
in ppm/oC and is given in the electrical 
specifications 
both with and without internal reference. 


Offset Drift is a measure of the actual change in output with 
all "I"s 
on the input over the specified temperature 
range. 


The 
offset 
is measured 
at O°C, +25°C, 
and 70°C. 
The 
maximum 
change 
in Offset is referenced 
to the Offset at 


25°C and is d;vided 
by the temperature 
range. This drift is 


expressed in parts per million of full scale range per °C (ppm 
of FSRjOC). 


'an error band aiouno its fmal value after a change in input 
(see Figure I). 


t 
0.3 


Q) 
'" 
~ 
0.1 
~~ 
§ ~ 
0.03 
«Ii' 
(; 
0.01 


C 


~ 0.003 
a. 


Voltage Output Models 
Three settling times are specified 
to ±0.01 % of full scale 


range (FSR); two for maximum 
full scale range changes of 


20V, JOV and one for a ILSB change. The ILSB change is 
measured 
at the major carry (0111...11 
to 1000 ...00), the 


point at which the worst case settling time occurs. 


Current Output Models 
Two settling times are specified to ±0.01 % of FSR. Each is 
given for current models connected with two different resis- 
tive loads: 
JOQ to looQ 
and 
loooQ 
to 1875Q. Internal 
resistors 
are provided 
for connecting 
nominal 
load resis- 


tances of approximately 
JOOOQto 1800Q for output voltage 


range of ±I V and 0 to -2V (see Figures 
II and 12). 


Compliance 
voltage is the maximum voltage swing allowed 


on the current 
output node in order to maintain 
specified 
accuracy. The maximum 
compliance 
voltage of all current 
output models 
is ±2.5V. Maximum 
safe voltage range of 


± IV and 0 to -2V (see Figures 
II and 12). 


POWER SUPPLY SENSITIVITY 


Power 
supply 
sensitivity 
is a measure 
of the effect 
of a 


power 
supply 
change 
on the D/A converter 
output. 
It is 


defined as a percent of FSR per percent of change in either 
the positive 
or negative supplies about the nominal 
power 


supply voltages (see Figure 2). 


REFERENCE 
SUPPLY 


All DAC80 
models 
are supplied 
with an internal 
6.3V 
reference voltage supply. This voltage (pin 24) has a toler- 
ance of ± I% and must be connected 
to the Reference 
Input 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


OPERATING INSTRUCTIONS 


POWER SUPPLY CONNECTIONS 


Connect power supply voltages 
as shown in Figure 3. For 
optimum 
performance 
and noise rejection, 
power 
supply 


decoupling 
capacitors 
should 
be added 
as shown. 
These 


capacitors 
(llJF tantalum) 
should be located 
close to the 


DAC80. 


" 
0.1 
" 
> 
.£g, 


J'! 
0.01 
u 
15 
"~ 
e 
0.001 
W 
ex:rn 
u. 


15 
" 
0.0001 
1 
10 
100 
lk 
10k 
lOOk 


Power Supply Ripple Frequency (Hz) 


(pin 16) for specified operation. This reference may be used 
externally 
also, 
but external 
current 
drain 
is limited 
to 
2.5mA. 


If a varying load is to be driven, an external buffer amplifier 
is recommended 
to drive the load in order to isolate bipolar 


offset from load variations. 
Gain and bipolar offset adjust- 


ments should be made under constant load conditions. 


LOGIC INPUT COMPATIBILITY 


DAC80 
digital 
inputs 
are 
TTL, 
LSTTL 
and 
4000B, 


54n4HC 
CMOS compatible. 
The input switching threshold 
remains at the TTL threshold 
over the entire supply range. 


Logic "0" input current over temperature 
is low enough to 


permit driving DAC80 directly from outputs of 4000B and 
54n4C CMOS devices. 


All DAC80 models can operate over the entire power supply 
range of ±11.4V to ±16.5V. Even with supply levels drop- 
ping to ±11.4V, 
the DAC80 can swing a full ±lOV range, 


provided the load current is limited to ±2.5mA. With power 
supplies greater than ±12V, the DAC80 output can be loaded __ 
up to ±SmA. For output swing of ±5V or less, the output 
current is ±5mA, minimum, 
over the entire Vcc range. 


No bleed resistor 
is needed from +Vcc to pin 24, as was 


needed 
with prior hybrid Z versions 
of DAC80. 
Existing 


±12V applications that are being converted to the monolithic 
DAC80 
must omit the resistor to pin 24 to insure proper 
operation. 


EXTERNAL 
OFFSET AND GAIN ADJUSTMENT 


Offset and gain may be trimmed by installing external Offset 
and Gain potentiometers. 
Connect 
these potentiometers 
as 
shown in Figure 3 and adjust as described below. TCR of the 
potentiometers 
should be lOOppmrC 
or less. The 3.9MQ 
and lOMQ resistors 
(20% carbon or better) should be lo- 
cated close to the DAC80 to prevent noise pickup. If it is not 
convenient 
to use these high value resistors, 
an equivalent 


"T" network, as shown in Figure 4, may be substituted. 


+vcc 
+vcc 


10Mil 
10kn 
10kn 


to 
to 


100kn 
100kn 


-vcc 
-vcc 


10kn 
10kn 


to 
to 


100kn 
100kn 


+vcc 


-vcc 
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2701dl 
2701dl 


~101dl 


3.9MQ 
o-./'N-o 
~ 


1801dl 
1801dl 


~ 


Existing 
applications 
that are converting 
to the monolithic 
DAC80 must change the gain trim resistor on pin 23 from 
33MQ to IOMQ to insure sufficient adjustment 
range. Pin 


23 is a high impedance 
point and a O.OOIl!IF to O.OIW' 


ceramic 
capacitor 
should 
be connected 
from this pin to 


Common 
(pin 21) to prevent noise pickup. Refer to Figure 


5 for relationship of Offset and Gain adjustments 
to unipolar 
and bipolar D/A operation. 


Unipolar 


+ 


1~~~ 


All Bits 


Logic 0 \ 


i 


+ 
+ Full scale 
1L~J- 


All Bits 
Logic 1h 
t 
Bipolar 
Offset 


Gain Adjust 
Rotates 
the Line 
I----------i 


"'All 
Bits 


Logic 0 
\ 
MSB On, 
All Others 
Off 
Range of 
Offset Adjust 
J 
T 


-Full SCale 
/ 


FIGURE 5. Relationship 
of Offset and Gain Adjustments 
for 


a Unipolar and Bipolar D/A Converter. 


Offset Adjustment 
For unipolar 
(CSB) configurations, 
apply the digital input 
code that should produce zero potential output and adjust the 
Offset potentiometer 
for zero output. 


For bipolar 
(COB, CTC) configurations, 
apply the digital 


input 
code 
that 
should 
produce 
the 
maximum 
negative 


output. Example: 
If the Full Scale Range is connected 
for 
20V, the maximum 
negative 
output voltage 
is -IOV. 
See 


Table II for corresponding 
codes. 


Gain Adjustment 
For either 
unipolar 
or bipolar 
configurations, 
apply 
the 
digital input that should give the maximum 
positive output. 


Adjust the Gain potentiometer 
for this positive 
full scale 


output. 
See Table 
II for positive 
full scale voltages 
and 
currents. 


ANALOG 
OUTPUT 


DIGITAL 
INPUT 
VOLTAGE(1) 
CURRENT 


MSB 
LSB 
Oto+10V 
±10V 
Oto-2mA 
±lmA 
~ 
~ 


000000000000 
+9.9976V 
+9.99S1V 
-1.999SmA 
-<l.999SmA 
011111111111 
+S.OOOOV 
O.OOOOV 
-1-0000mA 
O.OOOOmA 


100000000000 
+4.9976V 
-<l.0049V 
-<l.999SmA 
+O.ooOSmA 
111111111111 
O.OOOOV 
-10.0000V 
O.OOOOmA 
+1.000mA 
One LSB 
2.44mV 
4.88mV 
0.4881JA 
0.4881JA 


NOTE: 
(1) To obtain values 
for other binary ranges: 


o to +SV range 
divide 0 to +1OV range 
values 
by 2. 


±SV range: divide ±10V range values by 2. 
±2.5V 
range: divide ±10V 
range values by 4. 


VOLTAGE 
OUTPUT MODELS 


Output Range Connections 
Internal 
scaling 
resistors 
provided 
in the DAC80 
may be 


connected to produce bipolar output voltage ranges of ± IOV, 
±5V, or ±2.5V; 
or unipolar 
output voltage ranges of 0 to 


+5V or 0 to +IOV. See Figure 6. 


~ 


o 
Reference Control Circuit 


Reference 
Input 
6.3kn(1) 
Bipolar 


16 
17 
Offset 


Summing 
r Junction 


From Weighted 
20 
SIdl(1) 
18 


Resistor 1>~ 
Network 


----- 
15 
Output 


+ 


-=- 
NOTE: 
(1) Resistor Tolerances: 
±2% max. 


SIdl(') 
#0-19 


Gain and offset drift are minimized 
because of the thermal 
tracking 
of the scaling resistors 
with other internal device 


components. 
Connections 
for variou< output voltage ranges 


are shown in Table III. Settling time for a full-scale 
range 
change is specified as 4l!S for the 20V range and 3l!S for the 
IOV range. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
1E:II::l1 


Oulpul 
Digllal 
Connect 
Connect 
Connect 
Connect 
Range 
Input Codes 
Pln1510 
Pin 1710 
Pln1910 
Pin 1610 


±10 
COB or CTC 
19 
20 
15 
24 


±5 
COB orCTC 
18 
20 
NC 
24 


±2.5V 
COBorCTC 
18 
20 
20 
24 


Oto+10V 
CSB 
18 
21 
NC 
24 
o to +5V 
CSB 
18 
21 
20 
24 


TABLE lli. Output Voltage Range Connections 
for Voltage 
Models. 


The resistive scaling network and equivalent 
output circuit 


of the current model differ from the voltage model and are 
shown in Figures 7 and 8. 


.__ ..•. 
~. 
To Reference 
Control 
Circuit 


Referen~ 
~~1_') 
17 


16 Reference 
Input 


15 lour 


Internal scaling resistors (Figure 7) are provided to scale an 
external op amp or to configure load resistors for a voltage 
output. These 
connections 
are described 
in the following 


sections. 


If the internal 
resistors 
are not used for voltage 
scaling, 
external 
RL 
(or 
RF) 
resistors 
should 
have 
a TCR 
of 
±25ppmrC 
or less to minimize drift. This will typically add 


±5Oppm?C 
plus the TCR of RL (or RF) to the total drift. 


Driving An External Op Amp 
The current output model DAC80 will drive the summing 
junction of an op amp used as a current-to-voltage 
converter 
to produce an output voltage. See Figure 9. 


VOUT = loUT 
X RF 


where 
loUT 
is the DAC80 
output 
current 
and RF is the 


feedback 
resistor. 
Using the internal feedback 
resistors 
of 


FIGURE 9. External Op-Amp--Using 
Internal Feedback 


Resistors. 


the current output model DAC80 provides 
output vOltage_ 
ranges the same as the voltage model DAC80. To obtain the 
desired output voltage range when connecting an external op 
amp, refer to Table IV. 


OUlpul 
Digital 
Connect 
Connect 
Connect 
Connect 


Range 
InpulCodes 
@IO 
Pin 1710 
Pin 19to 
Pin 1610 


±10V 
COBorCTC 
19 
15 
® 
24 
±5V 
COBorCTC 
18 
15 
NC 
24 
±2.5V 
COBorCTC 
18 
15 
15 
24 


o to +10V 
CSB 
18 
21 
NC 
24 


Oto +5V 
CSB 
18 
21 
15 
24 


Output Larger Than 20V Range 
For output voltage ranges larger than ±IOV, a high voltage 
op amp may be employed with an external feedback resistor. 
Use 
loUT 
value of ±lmA 
for bipolar 
voltage 
ranges 
and 


-2mA 
for unipolar 
voltage 
ranges. 
See Figure 
10. Use 


protection 
diodes when a high voltage op amp is used. 


The feedback resistor, RF, should have a temperature 
coef- 


ficient 
as low 
as possible. 
Using 
an external 
feedback 
resistor, overall drift of the circuit increases due to the lack 
of temperature 
tracking between RF and the internal scaling 


resistor network. This will typically add 50ppm?C 
plus RF 


drift to total drift. 


FIGURE 
10. External Op-Amp--Using 
External Feedback 
Resistors. 
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FIGURE 
II. 
Current 
Output 
Model 
Equivalent 
Circuit 
Connected for Unipolar Voltage Output with 
Resistive Load. 


The unipolar output impedance 
Ra equals 6.6kQ (typ) and 
Ru 
is the internal 
load resistance 
of 96SQ 
(derived 
by 
connecting 
pin IS to 20 and pin IS to 19). By choosing RLS 


= 21OQ, RL = 117SQ. RL in parallel with Ra yields IkQ total 
load. This gives an output range of 0 to -2V. Since Ro is not 
exact, initial trimming per Figure 3 may be necessary; 
also 
RLS may be trimmed. 


determined 
by: 


VOUT = ±lmA 
[(Ro x RL) 
-.- (Ro + RL)] 


By connecting 
pin 17 to IS, the output 
current 
becomes 


bipolar 
(±lmA) 
and the output 
impedance 
Ra becomes 


3.2kQ (6.6kQ in parallel with 6.3kQ). Ru is 1200Q (derived 
by connecting 
pin IS to IS and pin IS to 19). By choosing 


RLS = 22SQ, RL = 14SSQ. RL in parallel with Ro yields IkQ 
total load. This gives an output range of ± IV. As indicated 
above, trimming 
may be necessary. 


FIGURE 
12. Current Output Model Connected for Bipolar 
Output Voltage with Resistive Load. 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
a~:5Ume5 


no responsibility 
for the use of this information, 
and aU use of such information 
snail be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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DEMO 
BOARD 


AVAILABLE 


See Appendix 
A 


12-Bit 256M Hz Monolithic 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
12-BIT RESOLUTION 


• 
256MHz 
UPDATE RATE 


• 
-73dB 
HARMONIC 
DISTORTION 
AT 10MHz 


• 
LASER TRIMMED 
ACCURACY: 
1/2LSB 


• 
-5.2V 
SINGLE POWER SUPPLY 


• 
EDGE-TRIGGERED 
LATCH 


• 
LOW GLITCH: 5.6pVs 


• 
WIDE BAND MULTIPLYING 
REFERENCE 


INPUT 


• 
50n OUTPUT IMPEDANCE 


The DAC600 is a monolithic, 
high performance 
digi- 
tal-to-analog 
converter 
for high frequency 
waveform 
generation. 
The internal 
segmentation 
and latching 
minimize 
output 
glitch 
energy 
and maximizes 
AC 
performance. 
Resistor 
laser 
trimming 
provides 
for 
excellent DC linearity. 


The ECL compatibility 
provides for low digital noise 
at high update rates. The complementary 
50n outputs 


and low output 
capacitance 
simplifies 
transmission 
line design and filtering at the output. 


The DAC600 combines precision thin film and bipolar 
technology 
to create a high performance, 
cost effec- 
tive solution for modem waveform 
synthesis. 


• 
DIRECT DIGITAL SYNTHESIS 


• 
ARBITRARY 
WAVEFORM 
GENERATION 


• 
HIGH RESOLUTION 
GRAPHICS 


• 
COMMUNICATIONS 
LOCAL 


OSCILLATORS 
Spread Spectrum/Frequency 
Hopping 


Base Stations 
Digitally Tuned Receivers 


BURR-BROWNe 
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SPECIFICATIONS 


ELECTRICAL 


DAC600AN 
DAC600BN 
PARAMETER 
CONDmONS 
TEMP 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL INPUTS 
Logic 
12 Parallel Input Lines, ECL 
Resolution 
12 
Bits 


ECL Logic Input Levels: Vil 
Logic ·0" 
Full 
-1.48 
-1.95 
-2 
V 


III 
Full 
2 
llA 


V,H 
Logic·1" 
Full 
-1.1 
-{).75 
0 
" 
V 


I'H 
Full 
200 
" 
llA 


DIGITAL TIMING 
Input Data Rate 
Full 
DC 
256 
MHz 
CLK Pulse Width High or Low 
Full 
1.95 
ns 
Set-up Time 
Full 
1.5 
1.0 
" 
ns 


Hold Time (Referred to CLK) 
Full 
1.9 
1.7 
ns 


Propagation 
Delay 
Full 
2 
ns 


ANALOG 
OUTPUT 
Bipolar Output Current 
RL - 00 
Full 
19 
20 
21 
" 
mA 
Output Resistance 
Full 
47.5 
50 
52.5 
49 
51 
0 


Output Capacitance 
Full 
15 
pF 


CONTROL 
AMPLIFIER 
Input Resistance 
Full 
BOO 
0 


Full Power Bandwidth 
-3dB 
Full 
10 
MHz 


Offset 
+25°C 
0 
±1 
0 
±O.5 
mV 
Input Reference Range 
Full 
100mV 
±1.25 
V 


TRANSFER 
CHARACTERISTICS 


Integral Linearity Error(1): VOUTNOT 
Best Fit Straight Line 
+25°C 
±0.012 
±0.024 
±0.006 
±0.012 
%FSR 


VOUTNOT 
Full 
±O.024 
±O.036 
±O.012 
±0.024 
%FSR 


VOLn 
+25°C 
±0.1 
±O.1 
%FSR 


Differential Linearity Error<l): VOUTNOT 
+25°C 
±0.024 
±0.012 
%FSR 


VcmNOT 
Full 
±0.036 
±0.024 
%FSR 
VOLn 
+25°C 
±O.1% 
±O.1% 
%FSR 
12·Bit Monotontcity 
+25°C 
Guaranteed 
Guaranteed 
Full 
Typical 
Guaranteed 
Output Offset Current: VOUT NOT 
Bits 1-12 HIGH 
+25°C 
75 
150 
50 
100 
llA 


VOJTNOT 
Full 
57 
150 
50 
100 
llA 
Gain 
Error(2) 
+25°C 
±0.5 
±1.5 
±0.5 
±1.0 
% 


Full 
±1.3 
±2.0 
±1.1 
±2.0 
% 
Output Leakage Current 
VREF= OV, Bits 1-12 LOW, VOLnNOT 
+25°C 
10 
75 
5 
50 
llA 


TIME DOMAIN PERFORMANCE 
Glitch Energy 
Major Carry 
+25°C 
5.6 
" 
pVs 
Fall TIme 
90% to 10% 
+25°C 
510 
ps 


Rise Time 
10%1090% 
+25°C 
770 
ps 


Settling Time(3) 
±0.1%FSR 
Major Carry, 1 LSB Change 
Full 
4 
ns 
±0.024%FSR 
Full 
15 
ns 


DYNAMIC 
PERFORMANCE 


Spurious Free Dynamic Range (4) 
'0= 1MHz 
!cLOCK= 50MHz 
+25°C 
74 
70 
77 
dBFS(3j 


'0 = 10MHz 
'CLOCK'" 
50MHz 
+25°C 
71 
65 
73 
dBFS 
'0= 1MHz 
!cLOCK= 100MHz 
+25°C 
72 
70 
75 
dBFS 
'0 = 10MHz 
'CLOCK'" 
100MHz 
+25°C 
71 
66 
70 
dBFS 
'0= 20MHz 
!cLOCK= 100MHz 
+25°C 
63 
59 
62 
dBFS 
'0 = 10MHz 
ICLOCK= 200MHz 
+25°C 
66 
66 
70 
dBFS 
'0= 20MHz 
!cLOCK= 200MHz 
+25°C 
56 
64 
67 
dBFS 
'0= 50MHz 
!cLOCK= 200MHz 
+25°C 
52 
50 
55 
dBFS 
Output Noise 
Bits 1-12 HIGH 
+25°C 
10.6 
nW#iZ 


POWER SUPPLIES 
Supply Vollages: VEE 
Full 
-4.5 
-5.2 
-5.5 
V 
Supply Currents: 
IEEA 
Pins 33 and 34 
Full 
30 
46 
60 
mA 


IEEO 
Pins 5 and 55 
Full 
110 
150 
190 
mA 
Power Consumption 
Operating 
Full 
900mW 
1.3 
W 


TEMPERATURE 
RANGE 


Specification: 
DAC600AN, BN 
Ambient 
Full 
-40 
+85 
°C 
8JA 
30 
°CIW 


NOTES: (1) Linearity tests are measured into a virtual ground (op amp). (2) Gain orror in % is calculated by: GE (%) z VMEASUREO 
(~S) -V(~e;) 
(FS) X 100 


(3) Settling time is influenced by the load due to fast edge speeds. Use good transmission 
line techniques 
IDEAL 
for best results. (4) Spurious free dynamic range is measured from the fundamental frequency to any harmonic or non-harmonic 
spurs within the bandWidth tClKI2c. 


unless otherwise specified. 
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A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 
TEMPERATURE 
RANGE (AMBIENT) 


-40'C 
to +85'C 
This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation procedures can cause damage. 


ESD damage can range from subtle performance 
degradation 


to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


VEEA 
••••••••••••••••••••••••••••••••••• 
0.3 to-7 


VEEO 
••••••••••••••••••••••••••••••••••••.•••••• 
0.3 to-7 
Logic Inputs 
0 to -5.5V 
Reference Input Voltage 
0 to +1.25V 
Reference Input Current 
0 to 1.56mA 


Case Temperature.. 
. 
-4O"C to +125°C 


Junction Temperature.. 
... +150°C 
Storage Temperature 
-55°C to +125°C 


Lead Temperature 
(soldering, 
tOs) 
+300°C 


Stresses 
above these 
ratings may permanently 
damage 
the device. 


MODEL 


DAC600AN. 
BN 


PACKAGE 
DRAWING 
NUMBER(') 


312-1 


NOTE: 
(1) For detailed 
drawing 
and dimension 
table, please 
see end of data 
CJ) 


sheet. or Appendix 
C of Burr-Brown Ie Data Book. 
a::: 
WI-a: 
W>Zoo 
C'o 
..J« 
Z« 
I 


~..J 


t:!: 


C'is 


PIN NO 
DESIGNATION 
DESCRIPTION 
PIN NO 
DESIGNATION 
DESCRIPTION 


1 
BYPASS 
Disables 
Latching of Data 
35 
VREF2 
Analog 
Reference 
Voltage 
Center 
Tap 
2 
CLK 
CLOCK 
36 
NC 


3 
CLKNOT 
CLOCKNOT 
37 
NC 
4 
DGND 
Digital Ground 
38 
VREF 
Analog 
Reference 
Voltage 
5 
DVEE(1) 
-5.2V 
Supply 
39 
VREF 
Analog 
Reference 
Voltage 
6 
Bit 9 
40 
NC 


7 
Bit 10 
41 
NC 
8 
Bit 11 
42 
AoFFSET 
Offset Compensation 
9 
Bit 12 
LSB 
43 
NC 


10 
NC 
44 
BYPASS 
0.1~F Bypass to Ground 


11 
NC 
45 
NC 


12 
NC 
46 
NC 


13 
Voor 
DAC Output 
47 
ALTCOMPC 
Control Amp PTAT 
Reference 
Compensation(2) 


14 
VOUT 
DAC Output 
48 
AGND 
Analog Signal Ground 


15 
LGND 
Ladder 
Ground 
49 
NC 


16 
LGND 
Ladder 
Ground 
50 
LBIAS 
Ladder 
Bias Alternate 
Compensation(2j 


17 
VOUTNOT 
DAC Output Complement 
51 
NC 


18 
VOUTNOT 
DAC Output Complement 
52 
NC 


19 
NC 
53 
NC 


20 
AGND 
Analog Ground 
54 
Bit 1 
MSB 


21 
NC 
55 
DVEE 
Digital-5.2V 
Supply 
22 
NC 
56 
DGND 
Digital Signal Ground 


23 
NC 
57 
DGND 
Digital Signal Ground 
24 
NC 
58 
Bit 2 
25 
NC 
59 
Bit 3 


26 
BYPASS 
0.1~F Bypass to Ground 
60 
Bit 4 


27 
NC 
61 
NC 
28 
ALTCOMPIB 
PTAT-IB 
Reference 
Compensation(2) 
62 
Bit 5 


29 
AGND 
Analog 
Ground 
63 
DGND 
Digital Ground 
30 
AGND 
Analog Ground 
64 
Bit 6 


31 
NC 
65 
Bit 7 


32 
LOOPCRNT 
DAC Reference 
Alt. Loop Current 
66 
DGND 
Digital Ground 
(Connect to AGND) 
67 
Bit 8 


33 
VEE(1) 
-5.2V 
Supply 
68 
NC 
34 
VEE(1) 
-5.2V 
Supply 


The information 
provided herein is believed to be reliable; however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracioo 
or omi~~ion~. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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MilS (0.001") 
MilLIMETERS 


Die Size 
160 x 140 ±5 
4.06 x 3.56 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10xO.10 


Backing 
Gold 
Metallization 
Gold 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Bypass 
36 
NC 
2 
ClK 
37 
VREF 
3 
ClKNOT 
38 
VREF 


4 
DGND 
39 
NC 


5 
DVEE 
40 
NC 
6 
Bit 9 
41 
ROfFSET 
7 
NC 
42 
NC 


8 
Bit 10 
43 
NC 
9 
Bit 11 
44 
NC 
10 
Bit 12 
45 
NC 


11 
Vour 
46 
AlTCOMPC 
12 
VOIJT 
47 
AGND 
13 
lGND 
48 
NC 


14 
lGND 
49 
lBIAS 
15 
VOUTNOT 
50 
NC 
16 
VOllTNOT 
51 
NC 
17 
NC 
52 
NC 


18 
AGND 
53 
Bit 1 (MSB) 


19 
NC 
54 
DVEE 
20 
NC 
55 
DGND 
21 
NC 
56 
DGND 
22 
NC 
57 
Bit2 
23 
NC 
58 
Bit3 


24 
NC 
59 
Bit4 


25 
NC 
60 
NC 
26 
NC 
61 
NC 
27 
AlTCOMPIB 
62 
NC 
28 
AGND 
63 
Bit5 


29 
AGND 
64 
DGND 


30 
NC 
65 
Bit6 
31 
lOOPCRNT 
66 
Bit 7 
32 
AVEE 
67 
DGND 


33 
AVEE 
68 
Bit8 
34 
VREF2 
69 
NC 
35 
NC 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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The DAC600 
employs 
a familiar architecture 
where input 
bits switch on the appropriate 
current 
sources 
(Figure 
I.) 
Bits 1-4 are decoded into 15 segments 
after the first set of 
latches. The edge triggered 
master-slave 
latches are driven 
by an internal clock buffer. Current sources for bits 5 and 6 
are scaled down in binary fashion. These current sources are 
switched directly to the output of the R-2R ladder. Bits 7-12 
are properly 
scaled 
and fed to the laser trimmed 
R-2R 
ladder. 


BYPASS input is low, data is transferred to the output on the 
positive going edge of the clock. If BYPASS is high, data is 
transferred to the output regardless of clock state. All digital 
inputs are EeL compatible. 


The output current sees son of output impedance 
from the 


equivalent 
resistance 
of a R-2R 
ladder. 
With 
all of the 


current 
sources 
off, the output voltage 
is at OV. With all 
current sources on (-20mA), 
the output voltage is at -1 V. 


Transfer 
function 
information 
is given in Tables I and II. 


en0: 
W 
••••0: 
W>Z00 
MSB 
C' 


2 
3 
0 
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5 
~ 
~ 


..J 


6 
c:r: 
7 
§ 
~ 
Z 
8 
...J 


9 
c:r: 
10 
I 
11 
0 
LSB 
••••I..J 


~ 
~C 


INPUT BITS 
OUTPUT VOLTAGES 
1 2 3 4 5 6 7 8 9 10 11 12 
VOUT 
NVoUT 


000000000 
0 
0 
0 
OV 
-o.999756V 


000000000 
0 
0 
1 
-244~V 
0.999512V 


1 00000000 
0 
0 
0 
-0.5 
-0.499756 
1 11111111 
1 
1 
1 
-o.999756V 
0 


BIT 
VOLTAGE (No External Load, VoUT) 


1 
-0.5 
2 
-0.25 
3 
-0.125 
4 
-j;2.5mV 
5 
-31.25mV 
6 
-15.625mV 
7 
-7.8125mV 


8 
-3.9063mV 


9 
-1.9531mV 


10 
-976~V 
11 
-488~V 
12 (LSB) 
-244~V 
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There is also a complementary 
VOUT NOT output that allows 
for a differential output signal. The full scale complementary 
outputs 
(VOUT and VOUT 
NOT) can be simply 
modeled 
as 


-20mA 
in parallel with 50n. This gives an output swing of 
O.5Vp-p with an external 50n 
load. 


REFERENCE/GAIN 
ADJUSTMENT 


The VREF pin should be supplied by a +l.OV reference that 
is capable of supplying 
a nominal 
current of 1.25rnA. An 
alternative 
would be the use of a 1.25mA current source. A 


low drift reference will minimize gain drift. A recommended 
reference circuit is given in Figure 2 as shown in the Typical 
Performance Curves,lowering 
the reference voltage to +O.8V 


will typically improve the Spurious Free Dynamic Range by 
a few dB. 


A low-cost alternative 
reference circuit is shown in Figure 
3. 
This 
circuit 
uses 
the 
Burr-Brown 
REFI004-2.5 
micropower 
voltage reference. Gain drift is dependent upon 
the temperature 
coefficient 
of the 1.2kn resistor. A TC of 
< IOppmjOC is recommended. 


The 
DAC600 
can 
also 
accept 
a wideband 
multiplying 


reference input. The full power bandwidth 
of this reference 


is approximately 
30MHz. Care must be taken not to exceed 
the minimum 
and maximum 
input reference 
voltage levels 
which 
are 
lOOmV and +1.25V 
respectively 
(refer to the 
absolute 
maximum 
ratings 
section). 
In the 
multiplying 


reference 
mode, the O.4J.JFbypass capacitor 
on LBIAS and 


the O.IJ.JFon pin 35 need to be removed. A 47pF capacitor 
to ground needs to be connected 
to pin 35 (Figure 4.) 


35 
VREF2 


DAC600 


VREF 


LBIAS 
VAEF 
39 


50 


TIMING 


The DAC600 
has an internal latch that is triggered 
on the 


rising edge of the clock when the BYPASS pin is set LOW. 
This master-slave 
mode of operation will assure that the 12 


bits will arrive at the current sources with a minimum of data 
skew. Therefore, 
this mode is recommended 
for the vast 
majority of applications. 
Observing the minimum set-up and 


hold time recommendations 
will ensure proper data latching, 


refer to Figure 5 for complete timing specifications. 


When BYPASS 
is set HIGH, the DAC600 
will operate in 
the transparent 
mode. In this mode, both the master 
and 


slave registers 
are transparent 
and changes 
in input data 


ripple directly to the output. Since the four MSBs have a 
decoder delay, these bits arrive at the output approximately 
600 picoseconds 
later than the lower 8 LSBs. Because this 


data skew causes glitch, this mode is not recommended 
for 
optimum AC performance. 


The DAC600 has a differential 
ECL clock input. This clock 
input can also be driven by a single ended clock if desired 
by trying 
the CLKNOT 
input to an external 
voltage 
of 
-1.3V. 
Using a differential 
clock provides 
much improved 


digital feedthrough 
immunity, however. 


DRIVING 
THE DAC600 


The DAC600 inputs will most likely be driven by high speed 
ECL gate outputs. These outputs should be terminated using 
standard high speed transmission 
line techniques. Consult an 


ECL handbook 
for proper methods of termination. 


Termination 
resistors should not be connected to the analog 


ground plane close to the DAC600. The fast changing digital 
bit currents 
will cause noise 
in the analog 
ground 
plane 


under this layout scheme. These fast changing 
digilal cur- 
rents should be steered away from the sensitive 
DAC600 
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SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


tp 
Propagation delay. 50% of elK to 50% of VOUT' 
2 
ns 
tsu 
Setup time DATA must remain stable before elK. 
1.5 
1.0 
ps 
tH 
Hold time DATA must remain stable after eLK. 
1.9 
1.7 
ns 
tPWl. 
eLK pulse width low (50% to 50%). 
1.95 
ns 
tpwH 
ClK pulse width high (50% to 50%). 
1.95 
ns 


lpMSB 
Propagation delay, MSBs, transparent 
mode only. 
2.1 
ns 


tpLSB 
Propagation delay, LSBs, transparent 
mode only. 
1.5 
ns 


analog ground plane. For speeds of up to 2S6MHz, 
series 


termination 
with 47n 
resistors will be adequate (Figure 6). 


This termination 
technique 
will greatly lessen the issue of 


termination 
currents coupling into the analog ground plane. 


This is shown in the typical DAC600 
connection 
diagram 
(Figure 7.) 


LAYOUT 
AND POWER 
SUPPLIES 


A multilayer PC board with a solid ground and power planes 
is recommended. 
All of the ground pins (both analog and 
digital) should be connected 
directly to the analog ground 
plane at the DAC600. 


Wide busses for the power paths are recommended 
as good 
general 
practice. 
External 
bypassing 
is recommended. 
A 
1OJ.lFceramic 
capacitor 
in parallel 
with 
a 0.01J.lF chip 
capacitor 
will be sufficient in most applications. 


ALTCOMPB 
and ALTCOMPC 
should be bypassed 
with 
0.1 J.lFcapacitors 
connected 
to VEEA" When not used in the 
multiplying 
mode LBIAS should be bypassed with a 0.4J.lF 
capacitor connected to VEEA- The heat spreader (pins 26 and 
44) should be bypassed 
with a 0.1 J.lFcapacitor. 


MAXIMIZING 
PERFORMANCE 


In addition 
to optimizing 
the layout 
and ground 
of the 
DAC600, there are other important issues to consider when 
optimizing 
the performance 
of this DAC 
in various 
AC 
applications. 


The DAC600 includes an internal son 
output impedance 
to 
simplify 
output interfacing 
to a son 
load. Because 
some 
loads may be a complex 
impedance, 
care must be taken to 
match the output impedance 
with the load. Mismatching 
of 
impedances 
can 
cause 
reflections 
which 
will 
affect 
the 
measured AC performance 
parameters 
such as settling time, 


harmonic distortion, 
rise/fall times, etc. Often complex im- 
pedances 
can be matched by placing a variable 
3 to IOpF 
capacitor at the output of the DAC to ground. Also, probing 
the output of the DAC can present a complex impedance. 


The typical performance 
curves of Spurious Free Dynamic 
Range vs various combinations 
of clock rate and/or input 
frequency 
should give a general idea of the spectral perfor- 
mance of the DAC under system specific clock and output 
frequencies. 
For variable frequency DDS and ARB applica- 
tions, having a programmable 
frequency 
bandpass 
(smart) 
filter at the output of the DAC can greatly improve system 
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spur and noise performance 
by filtering out unwanted 
spur 


and noise 
spectra. 
Even 
with a programmable 
bandpass 
filter, care should be taken to update the DAC at greater than 
4 times per cycle to (I) minimize the 2nd and 3rd harmonic 
magnitudes 
by having the output slew excessively 
between 
any successive 
clock and (3) to keep the 2nd harmonic and 
other even order harmonics 
from folding back close to the 
fundamental 
under the condition 
four = 1/3 fCLK and (3) 
to keep 
the 
3rd 
harmonic 
and 
other 
harmonics 
from 
folding back close to the fundamental 
under the condition 


38 
VAEF 


39 
VREF 


35 
VREF12 


AofFSET 


Bit 1 (MSB) 


58 
Bit 2 
59 
Bit3 
60 
Bit4 
62 


Bit 5 
64 
Bit 6 
65 
Bit 7 
67 


Bit8 


Bit 9 


Bit 10 


Bit11 


Bit 12 (lSB) 


ClK 


ClK 


BVPASS 


DGND 
56 
DGND 
57 
DGND 
47n 
63 
DGND 
66 
DGND 


-5.2V 


47n 


Brt 1 


Bit 2 


Bit 3 


Sit4 


Bit 5 


Bit 6 


Bit? 


Bit 8 


Bit 9 


Bit 10 


Bit11 


Bit 12 


47n 


ClK 


ClK 


four = 1/4 fCLK' The making use of the high update rate of 
the DAC600 helps to lessen the problems of large harmonics 
"folding back" into the passband. 


For DDS applications, 
often the DAC itself is the limit in 
Spurious Free Dynamic Range (SFDR) performance. 
How- 


ever, due to the high linearity of the DAC600, low frequency 
spurious performance 
may be limited by the digital trunca- 
tion 
error 
of the phase 
accumulator/ROM 
combination. 


Most vendors supplying 
a combination 
of phase accumula- 
tor and ROM specify the SFDR of their digital algorithm. 


26 
H5 


H5 
44 
Dv 


47 
0.1~F 
0 


AlTCOMPC 
0.1~F 
-5.2V ~ 
28 
AlTCOMPIB 
O.4~F 
-5.2V 


50 


lBIAS 


13 
VOIJr 
VOIJr 


Vour 
14 
Terminate 


Unused Output 


15 


lGND 


lGND 


Vour 


Vour 


AVEE 


AVEE 
34 


5 
DVee 


55 
DVee 


20 
AGND 
29 
AGND 
30 
AGND 
48 
AGND 
32 
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DEMO BOARD 


AVAILABLE 


see Appendix A 


12-Bit 500MHz 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
12-BIT RESOLUTION 


• 
500MHz 
UPDATE 
RATE 


• 
GUARANTEED 
SPURIOUS 
PERFORMANCE 


• 
LOW GLITCH 


• 
FAST SETTLING 


• 
INTERNAL 
EDGE-TRIGGERED 
LATCH 


• 
LASER TRIMMED 
ACCURACY 


• 
INTERNAL 
REFERENCE 


• 
CLEAN 
LOW-NOISE 
OUTPUT 


The DAC650 
is a high performance 
l2-bit digital to 
analog converter 
for high frequency 
waveform 
gen- 
eration. It is complete with an internal low drift refer- 
ence and edge-triggered 
data latch. The internal seg- 
mentation 
and latching 
provide 
for minimal 
output 
glitch energy. 


The ECL compatibility 
provides for low digital noise 
at high update rates. The son output resistance 
and 
low output capacitance 
simplify transmission 
line de- 


sign and filtering at the output. Complementary 
out- 
puts are offered for increased performance 
while driv- 


ing transformers 
or differential 
amplifiers. 


The DAC650 combines precision thin film and bipolar 
technology 
with high speed gallium arsenide to create 
a high performance, 
cost effective solution for modern 


waveform 
synthesis systems. 


• 
DIRECT DIGITAL 
SYNTHESIS 


• 
ARBITRARY 
WAVEFORM 
GENERATION 


• 
HIGH RESOLUTION 
GRAPHICS 


• 
COMMUNICATIONS 
LOCAL 
OSCILLATORS 


Spread 
Spectrum 
Base Stations 
Digitally 
Tuned 
Receivers 


• 
HIGH-SPEED 
MODEMS 
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SPECIFICATIONS 


DAC650JL 
DAC650KL 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 
Specification: 
DAC650JL, 
KU') 
Ambient 
0 
+70 
·C 
9c. 
27 
·CIW 


9JC 
13 
·CIW 


DIGITAL 
INPUTS 
Logic 
12 Parallel Input Lines 
ECL Compatible 
Resolution 
12 
B~s 


ECL Logic Input LevelsIZ): VIL 
Logic "0" 
-1.475 
-1.8 
-2 
V 
III 
1.0 
10 
J1A 


V," 
Logic "I" 
-1.115 
-{J.8 
-{J.6 
V 
I," 
1.0 
10 
~A 
Logic Threshold 
Voltage 
-1.2 
-1.3 
-1.4 
V 


DIGITAL 
TIMING 
Input Data Rate 
DC 
500 
MHz 


CLK Pulse Width 
Low 
1.0 
ns 


Set-Up Time 
2.0 
1.8 
ns 


Hold Time (Referred to CLK) 
-500 
~ 
ps 
Propagation 
Deray 
1.5 
ns 


ANALOG 
OUTPUT 
Bipolar Output Current 
RL: 
00 
±20 
mA 
Bipolar Output Voltage 
...£!L..- 
±1.0 
V 
Output Resistance 
Vovr• VOUT to Ground 
49 
50 
51 
0 
Output Resistance 
Drift 
50 
ppm/"C 


Output Capacitance 
5 
pF 


TRANSFER 
CHARACTERISTICS 
Integral Linearity Error 
Best Fit Straight Line 
±O.OlB 
±0.036 
±O.012 
±0.024 
%FSR 
Differential 
Linearity Error 
+25°C 
" 


±0.018 
±0.036 
±O.OB 
±0.024 
%FSR 
Over 
Temperature 
±0.D18 
±0.036 
±O.012 
±0.024 
%FSR 
Monotonicity 
Typical 
Guaranteed 
Bipolar Gain Error 
Output Voltage, RL • - 
±O.5 
±1.0 
±0.5 
±1.0 
%FSR 
Bipolar Offset Error 
Output Voltage, RL • - 
±O.5 
±1.0 
±O.25 
±O.5 
%FSR 


TIME DOMAIN PERFORMANCE 
GI~ch Energy 
Major Carry 
20 
pV-s 


Output Rise Time 
10% to 90% 
300 
~ 
ps 


Output Fall Time 
90% to 10% 
350 
ps 


Settling Time(3): ±O.l %FSR 
Major Carry, 1LSB Change 
2.0 
ns 


REFERENCES 
VBB Input Ra,ngB (Pin 1) 
-1.4 
-1.3 
-1.2 
V 
Ves 
INT Reference 
(Pin 68) 
-1.4 
-1.3 
-1.2 
V 
VBBEXT Tracking 
Reference (Pin 67) 
EC~IIN 
• -{J.8V, EClt.o IN • -1.8V 
-1.4 
-1.3 
-1.2 
V 
Internal Reference Voltage (Ref Out) 
9.95 
10 
10.05 
V 
Ref in Resistance 
4950 
0 


Ref in Operating Voltage Range 
4.5 
10.0 
11.0 
V 


DYNAMIC 
PERFORMANCE 
Spurious 
Free Dynamic Range(4) 


fo • 1MHz, fCLK• 100MHz 
+25·C, Span. 
DC to fCLK/2 
65 
68 
68 
70 
dBcl') 


fo • 10MHz, fCLK= 100MHz 
+25°C, Span = DC to fclK/2 
59 
63 
62 
65 
dBc 
fo : 30M Hz, fCLK• 200M Hz 
+25·C, Span = DC to fCLK/2 
50 
52 
53 
56 
dBc 
fo = 80M Hz, fCLK= 200MHz 
+25·C, Span. 
DC to fCLKI2 
47 
50 
50 
52 
dBc 
fo = 80MHz, fCLK- 500MHz 
+25·C, Span. 
DC to 150MHz 
49 
55 
52 
58 
dBc 


fo • l00MHz, 
fCLK• 500MHz 
+25·C, Span. 
50MHz to 150MHz 
51 
56 
54 
59 
dBc 


Output Noise 
Full Scale Sine Wave Output 
1.0 
~VI{Hz 


POWER SUPPLIES 
Supply Voltages: +Vee 
Operating, 
TMIN to TMAX 
+14.25 
+15 
+15.75 
V 
-Vcc 
-15.75 
-15 
-14.25 
V 
+V001 
+4.75 
+5 
+5.25 
V 
-V002 
-5.46 
-5.2 
-4.94 
V 
Power Supply Rejection 
All Supplies, ±5% Change 
0.05 
0.08 
. 
%10/0 


Supply Currents: +Icc 
Operating 
10 
13 
mA 


-lee 
-47 
-50 
mA 
+1001 
53 
57 
mA 
-1002 
-191 
-245 
mA 
Power Consumption 
Operating 
2.0 
2.6 
W 


NOTE: (1) Extended temperature 
range devices are available, inquire. (2) VBBIN(Pin 1) connected to VBBINT(Pin 68). (3) SeWing timB is influenced by load due to 
fast edge speeds. Use good transmission 
line techniques for best results. (4) Spurious Free Dynamic Range includes both harmonic and non-harmonic 
related spurs 
in the bandwidth 
indicated. 
(5) dBc is ~dB referred to the fundamental 
amplitude." 
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Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 


Brown Corporation 
recommends 
that this integrated 
circuit 
be handled 
and stored 
using 
appropriate 
ESD protection 
methods. 
__ 


TEMPERATURE 
DESCRIPTION 
RANGE (AMBIENT) 


68-Pin Ceramic. Gullwing Leads 
aoc to +70°C 


MODEL 


DAC650JL, 
KL 


PACKAGE 
DRAWING 


PACKAGE 
NUMBER!') 


68-Pin Ceramic Gullwing 
256 


........................................................................... 
±18V 


............ +0.5V to -5.5V 


.. 
-40'C 
to +125'C 
..... +150°C 
.. -55'C 
to +125'C 


......................... 
+300'C 


±VCC 
. 
Logic Input . 
Case Temperature 
Junction Temperature 
. 


Storage Temperature 
. 
Lead Temperature 
(soldering, 
10s) .. 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


PIN NO 
DESIGNATION 
DESCRIPTION 
PIN NO 
DESIGNATION 
DESCRIPTION 


1 
V•• 
Sets Logic Threshold lor Bits 1-12 
35 
AGND 
Ground for Analog Output Current 
2 
Bit 1 
MSB 
36 
AGND 
3 
Bit 2 
37 
AGND 


4 
Bit 3 
38 
AGND 


5 
Bit 4 
39 
Vour 
Complementary 
Output Vohage 
6 
BitS 
40 
VOUT 
7 
Bit 6 
41 
Vou, 
8 
Bit 7 
42 
AGND 


9 
Bit 8 
43 
AGND 


10 
Bit 9 
44 
AGND 


11 
Bh 10 
45 
Vour 
Output Vohage 


12 
Bit 11 
46 
Vou, 
13 
Bit 12 
LSB 
47 
Vou, 
14 
V•• 
Logic Power (-5.2V 
Nominal)(1) 
48 
AGND 


15 
V•• 
49 
AGND 


16 
CLK 
Clock 
50 
AGND 


17 
CLK.." 
Not Clock 
51 
AGND 
18 
DNC 
Do Not Connect 
52 
-15V 
-15V 
Supply 
19 
V•• 
53 
-15V 
20 
V•• 
54 
PWR GND 
Ground tor Analog Supplies 


21 
V•• 
55 
+5V 
+5V Supply 
22 
V•• 
56 
+5V 
+5V Supply 
23 
V•• 
57 
VosADJ 
OOset Adjust 


24 
V•• 
58 
PWRGND 
Ground for Analog Supplies 


25 
V•• 
59 
RefAOJ 
Reference Out Adjust 
26 
V•• 
60 
Refour 
Reference Out (+10V, Buffered) 


27 
DGND 
Ground for Logic 
61 
RetlN 
Reference 
In (4.950kn) 
28 
DGND 
62 
+15V 
+15V Supply 
29 
DGND 
63 
PWRGND 
Ground for Analog Supplies 


30 
DGND 
64 
-5.2V 
Anaiog 
Analog Power (-5.2V 
Nominal)!') 


31 
DGND 
65 
ECL LO'N 
External ECL lOW 
input (optional) 


32 
DGND 
68 
Eel 
HI'N 
External ECl 
HI input (optional) 


33 
DGND 
67 
VBBEXT 
The buffered mean of LOEXTand HlexT 
34 
DGND 
68 
VBBtNT 
Internally generated -1.3V 
reference 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracioG or omissions. BURR·BRQWN 
assumes 


no rosponsibility 
for the use of this Information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES (CONT) 
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FREE DYNAMIC RANGE 
vs CLOCK FREQUENCY 
(Span = DC to fccoJ2) 


g 
:!'!. 
"g' 
70 
'"a: 
"E 
~ 60 
~ 
" 
i!! 
U- 
~ 
50 


"§j 
0- 
en 


SPURIOUS 
FREE DYNAMIC RANGE 
vs OUTPUT FREQUENCY 
(Span. 
DC to fClK/2) 
g 


:!'!. 
"~ 
70 
a: 
"E 
'" 
~ 
60 
~ 
u- 


~ 
50 


"§ 
0- 
en 


SPURIOUS 
FREE DYNAMIC 
RANGE 
vs CLOCK FREQUENCY 
(Span = DC to 200M Hz) 


0- 
60 


lD 
:!'!. 
"g> 
55 
'"a: 
.2 
E 
'" 
co 
50 
>- 
Cl 
" 
i!! 
u- 
"' 
45 
.~ 
0- 
en 


40 
300 
350 
400 
450 
500 


Clock Frequency (MHz) 


SPURIOUS 
FREE DYNAMIC RANGE 
vs OUTPUT FREQUENCY 
(Span = DC to 200M Hz) 
80 
0- 
lD 
:!'!. 
"'" 
70 
co 
'"a: 
.2 
E~ 60 
>- 
Cl 
"£ 
tClK = 400MHz 
3 
50 
"§ 
0- 
fccK = 500MHz 
en 


40 
0 
20 
40 
60 
80 
100 
120 
140 


Output Frequency (MHz) 


BURR - BROWN" 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
IE:lE:lI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TECHNOLOGY OVERVIEW 


The DAC6S0 uses a unique design approach to achieve very 
fast settling time and high resolution. 
This mixed-technol- 


ogy design uses two active chips: one gallium arsenide and 
the other silicon. 


The GaAs MESFET 
die is used for those circuits 
which 
determine 
speed. This includes the latches, data decoders, 
and current switches. A silicon die with thin film is used for 
those circuits which determine 
accuracy, 
such as the preci- 
sion references 
and current 
sources. 
The precision 
R-2R 
resistor 
ladders 
are laser trimmed 
to further 
increase 
the 
accuracy of the DAC6S0. A block diagram of the DAC6S0 
is shown in Figure 1. 


The DAC6S0 employs 
a familiar architecture 
where input 
bits switch on the appropriate 
current sources. Bits 1-3 are 
decoded 
into 7 segments 
before the first set of latches. A 
similar 
delay 
is given 
for the 9 least significant 
bits to 
minimize data skew. The edge triggered master-slave 
latches 
are driven by an internal clock buffer. This buffer placement 
has matched the clock lines to each of the 32 latches, thus 
minimizing 
output glitch energy. 


There are 7 current sources for bits 1 to 3. Current sources 
for bits 4-8 are scaled down in binary fashion. These current 
sources 
are switched 
directly 
to the output 
of the R-2R 
ladder. Bits 9-12 are fed to the lasertrimmed 
R-2R ladder for 
proper 
scale-down. 
The 
segmentation 
further 
minimizes 
output glitch which can cause spectral degradation. 


The output current sees son 
of output impedance 
from the 
equivalent 
resistance 
of a R-2R ladder (lOOn) 
in parallel 
with lOOn (Figure 1). With all of the current sources off, the 
output 
voltage 
is at + 1V. With 
all current 
sources 
on 
(-40mA), 
the output 
voltage 
is at -IV. 
There 
is also a 
complementary 
VoUT output that allows for a differential 
output signals. The full scale complementary 
outputs (VOUT 
and VOUT) can be simply modeled 
as ±20mA 
in parallel 
with son. 
This gives an output 
swing of 1Vp-p with an 
external son 
load. 


REFERENCE/GAIN 
ADJUSTMENT 


A precision +IOV reference 
is included in the DAC6S0. A 
son resistor should be connected between REF1N and REFoUT 
for the specified unadjusted gain. This internal reference has 
been laser trimmed to minimize offset and gain drift. Alter- 
natively, an external reference may be used. Multiple DACs 
may be run from one master reference by connecting a son 
resistor from each REF1N to the master REFouT' A lOOn 
potentiometer 
may be used in place of the son 
resistor in 
order to provide a ± 1% gain adjustment 
range (Figure 2). 


A wider adjustment 
range of ±20% 
may be achieved 
by 
connecting 
a lOkO potentiometer 
from REFoUT to ground, 
with the wiper connected 
to the REF AD! pin. Adjusting 
the 


output 
to more than 40mA 
full scale may degrade 
high 


frequency 
performance 
and reliability 
due to higher current 
densities 
and operating 
temperature. 
Alternatively, 
lower 
full scale currents will affect operation because there is less 
current 
available 
to charge 
internal 
and external 
capaci- 
tances. 


It should be noted that the gain adjust techniques mentioned 
above affect the current output and thus the voltage output 
from the DAC6S0. The voltage output will also be affected 
by an external load acting in parallel 
with the son 
output 
impedance. 


The offset may be adjusted by connecting 
a potentiometer 
between 
the +SV supply and ground 
with the wiper con- 
nected to the offset adjust pin. The voltage on this pin with_ 
no connection 
is about 2V, with an equivalent 
impedance 
of 
1.6kn. 
A lOill 
potentiometer 
will give the necessary 
ad- 
justment range. The full scale range of the DAC output may 
be offset so it is not symmetrical 
around zero, but the full 
scale range must also be adjusted so that the output swing 
does not exceed ±lV. 
Connecting 
the offset adjust pin to 
ground gives a unipolar output of 0 to -2V (with no load) or 
o to -IV 
(with a son 
load). This also reduces the current 
requirements 
for the +SV supply by 20mA. 


DIGITAL INPUTS, LOGIC THRESHOLDS, 
and TERMINATION 


The input logic levels and clock levels are ECL compatible. 
The data inputs are single ended ECL and the clock input is 
differential. 


The internal impedance of the data and clock inputs is a high 
impedance 
(FET gate), and is clamped to the digital supply 
and ground to protect 
against ESD damage. 
ESD precau- 
tions should still be used when handling the DAC6S0. 


The inputs will most likely be driven by high-speed 
ECL 
gate outputs. 
These 
outputs 
should 
be terminated 
using 
standard 
high-speed 
transmission 
line techniques. 
Consult 
an ECL handbook 
for proper methods of termination. 


Termination 
resistors should not be connected 
to the analog 
ground plane close to the DAC6S0. The fast changing digital 
bit currents 
will cause noise in the analog 
ground 
plane 
under this layout scheme. These fast changing 
digital cur- 
rents should be steered away from the sensitive 
DAC6S0 
analog ground plane. For speeds of up to 2S6MHz, 
series 
termination 
with 
47n 
resistors 
will 
be 
adequate 
(Figure 3). This termination 
technique will greatly lessen the 
issue of termination currents coupling into the analog ground 
plane. Above 2S6MHz, parallel termination 
of the transmis- 
sion line at the package pin may be required for clean digital 
input. 


The input data 
threshold 
level 
is set by connecting 
the 
appropriate 
voltage (-1.2V 
to -lAY) 
to pin 1. The actual 
level may be provided 
3 ways: 


(1) The user connects the DAC6S0's internal-1.3V 
thresh- 
old reference 
directly to pin 1. This simple connection 
provides excellent noise margins for ECL levels. 
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(2) An external 
VBB system reference 
is applied to pin 1. 
This technique may allow data threshold levels to track 
the system over supply and temperature 
variations. 


(3) The internal tracking ECL threshold reference (pin 67) is 
applied 
to pin 
1. The 
output 
of the tracking 
ECL 
threshold 
reference is simply the average of two exter- 


nally applied levels. These levels are a system logic low 
(pin 65) and system logic high (pin 66). This technique 
may provide 
increased 
noise margin for systems with 
levels slightly 
different 
from ECL. Leave pins 65-67 


open if this option is not used. 


TIMING 


The 
DAC650 
has an internal 
edge 
triggered 
latch. The 


output changes on the positive edge of CLK. This master- 
slave latching will assure that the 12 bits will arrive at the bit 
switches 
with a minimum 
of data skew. Data must have 


adequate setup and hold time for proper operation 
(refer to 
Figure 4). Note that the Hold time is negative. Therefore the 
data may change before the rising edge of clock and still be 
valid. 


Data 
/ 


The DAC650 has a differential 
ECL clock input. This clock 
input can also be driven by a single-ended 
clock if desired 


by tying the CLK input to an external 
voltage 
of -1.3V. 


Using a true differential 
clock 
provides 
much 
improved 


digital feedthrough 
immunity, 
however. 


The each full scale output of the DAC650 may be modeled 
as either ±20mA current 
source in parallel 
with 50n 
or a 


± 1V voltage source in series with 50n. The nominal current 
and voltage bit weights are given in Table I and the input 
code vs output voltage relationships 
are given in Table II. 


Transmission 
line techniques 
at the output are also recom- 
mended to minimize 
ringing and glitching. 
Ideally, both of 


the outputs should see the same termination, 
including 
any_ 
delay between the DAC650 and the load. 


Since the outputs VOUT and VOUT are equal in magnitude but 
opposite 
in 
sign, 
they 
are 
ideal 
for 
driving 
RF 
transformers 
(Figures 
5). The primary 
may be connected 


between the two outputs. The secondary may be floating or 
referenced 
to ground. This results in a 2X signal power and 
some 
cancellation 
of clock 
feedthrough, 
glitching, 
and 
distortion. 
Figures 
6 and 
7 give 
recommended 
output 
amplifiers. 


~ 
~" 
~ 


-/1 
_tp_\~I_Voor_1 
/ 


l--tsu--l-tH-1 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


tp 
Propagation 
delay. 50% of elK to 50% of VOUT- 
1.5 
ns 
tsu 
Setup time DATA must remain stable before eLK. 
2.0 
1.8 
ns 


tH 
Hold time DATA must remaln stable after eLK. 
-500 
~OO 
ps 
t_ 
eLK pulse widthlow(50% to 50%). 
1.0 
ns 
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If only one output 
is used, the unused 
output 
should 
be 
terminated 
identically. 
If the terminations 
cannot be identi- 
cal and the unused output must be unterminated, 
the termi- 
nation for the used output should be as close as possible to 
the DAC6S0. 


LAYOUT AND POWER SUPPLIES 


A multilayer PC board with a solid ground and power planes 
is recommended. 
An example of a typical circuit configura- 


tion is given in Figures 8. The DAC6S0 has multiple ground 
pins to minimize 
pin impedances. 
All of the ground pins 
(analog and digital both) should be connected directly to the 
analog ground plane at the DAC6S0. 


Wide busses for the power paths are recommended 
as good 
general 
practice. 
There are several 
internal 
power supply 
bypass 
capacitors, 
but external 
bypassing 
is still recom- 


BIT 
VOLTAGE (No External Load) 
CURRENT 


1 
1V 
20mA 
2 
.5V 
10mA 
3 
0.25V 
5mA 
4 
0.125V 
2.5mA 
5 
62.5mV 
1.25mA 
6 
31.25mV 
625~ 
7 
15.625mV 
312.5!1A 
8 
7.8125mV 
156.25~ 
9 
3.9063mV 
78.125~ 
10 
1.9531mV 
39.0~ 
11 
976~V 
19.53~A 
12 (LSB) 
488~V 
9.76~A 


INPUT BITS 
OUTPUT VOLTAGES 
1 2 3 4 5 6 7 8 9 10 11 12 
VOUT 
NVoUT 


000000000 
0 
0 
0 
+1.000 
-1 + 488~V 
000000000 
0 
0 
1 
+1-488~V 
-1 + 976~V 
000000000 
0 
1 
0 
+1 - 976~V 
-1 + 1.464mV 


010000000 
0 
0 
0 
0.50 
-0.50 + 488~V 
100000000 
0 
0 
0 
0.000 
+488~V 
111 
111111 
1 
1 
1 
-1 + 488~V 
+1.000 


Co 


FIGURE 
5. Using an RF Transformer 
at the Output of the 
DAC6S0. 
Filtering 
the 
Outputs 
Before 
the 
Transformer Improves the Perfonnance 
in Some 
Applications. 


mended. 
A 
10f.lF tantalum 
capacitor 
in parallel 
with 
a 
O.OIf.lFchip capacitor will be sufficient in most applications. 


Pin 64, Analog VEE' should be connected to the same supply 
as the digital VEE pins (-S.2V). 


MAXIMIZING 
PERFORMANCE 


The DAC6S0 has been designed to give a very clean analog 
output with minimal noise, overshoot, 
and ringing. In addi- 


tion to optimizing 
the layout and ground of the DAC6S0, 


there are other important issues to consider when optimizing 
the performance 
of this DAC in various AC applications. 


The DAC6S0 includes an internal son 
output impedance 
to 
simplify 
output 
interfacing 
to a son 
load. Because 
some 
loads may be a complex 
impedance, 
care must be taken to 
match the output impedance 
with the load. Mismatching 
of 
impedances 
can 
cause 
reflections 
which 
will 
affect 
the 


measured AC performance 
parameters 
such as settling time, 
harmonic distortion, 
rise/fall times, etc. Often complex 
im- 
pedances 
can be matched by placing a variable 
3 to IOpF 
capacitor at the output of the DAC to ground. Also, probing 
the output can present a complex 
impedance. 


The typical performance 
curves of Spurious Free Dynamic 
Range vs various combinations 
of clock rate and/or input 
frequency should give a general idea of the spectral perfor- 
mance of the DAC under system specific clock and output 
frequencies. We have defined Spurious Free Dynamic Range 
as any harmonic 
or non-harmonic 
spurs in the indicated 
bandwidth. 
In phase lock loop applications, 
the harmonics 


often fall outside the loop bandwidth 
of the PLL. In these 
cases, as well as cases where the output is filtered, Spurious 


FIGURE 
6. A High Speed Single Ended Amplifier 
at the 
Output. The Gain is -RIson. 
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FIGURE 
7. A High Speed 
Differential 
Amplifier 
at the 
Output. 


Free Dynamic 
Range will generally 
be much better due to 
the harmonics 
falling 
outside 
the passband. 
Even with a 


bandpass filter, updating the DAC at greater than 4 times per 
cycle will (I) minimize 
the 2nd and 3rd harmonic 
magni- 
tudes by having the output slew excessively 
between 
any 
successive clock and (2) will keep the (fcLK - 2fo) spur and 
other 
even 
order 
spurs 
from 
folding 
back 
close 
to the 
fundamental 
under the condition fOUT = l/3fcLK and (3) will 
keep the (fCLK - 3fo) spur and other spurs from folding back 
close to the fundamental 
under the condition fOUT = 1/4fcLK. 
Making use of the high update rate of the DAC650 helps to 
lessen the problems 
of harmonics 
"folding 
back" into the 
passband. 


EVALUATION 
BOARD 


The high frequency 
signals used in operating 
the DAC650 


can cause difficult layout problems. 
It is especially 
difficult 
to build 
a high-performance 
prototype 
board 
using 
the 


DAC650. 
It is recommended 
that an evaluation 
fixture be 


used 
for 
prototyping. 
An 
evaluation 
fixture 
includes 
a 


DAC650 soldered to the PC board. Both grades are available 
for the evaluation 
fixture. 


MODEL 
DESCRIPTION 


DEM·DAC65OJ-E 
Evaluation Board with DAC650JL Attached 


DEM-DAC650K-E 
Evaluation Board with DAC650KL Attached 
DEM-DAC650 
PDS 
Data Sheet for DAC650 Evaluation 
Board 


tJ)a: 


B, 
W 
66 
t- 
B, 
e, 
EClHl1H 


65 
a: 
•• 
•• 
ECLlOIN 


B. 
B. 
-VEE 
-5.2V 
W 


B, 
B, 
PWRGND 
> 


B, 
B, 
+15V 
+15V 
Z 


B, 
B, 
REFIH 
ce 
+ 
C2 
0 


B, 
•• 
AEFour 
(SOOOptional) 
~.01IJF 
~101JF 
0 


10 
59 
•• 
11 •• 
REFAOJ 
58 
" 


Boo 
Boo 
REFGHD 
0 
12 


B" 


'3 
B" 
VOS"OJ 
..J 


B" 
B" 
.5V 
« 
,. 
-S.2V 
-YEE 
+5V 
+5V 
Z 
'5 
-VEE 
PWAGND 
« 
'6 
Coo 
CU< 
-15V 
-15V 
I 
~.01IJF 
17 
CU< 
0 
-15V 


18 
t- 
ONC 
AGND 
18 
I 
CLK 
-5.2V 
-YEE 
AGND 
..J 


CLK 
20 


~ 


-VeE 
AGND 


21 


-VEE 
AGND 


22 


NOTE: Clock and data inputs must be 
-VEE 
Vou< 
" 


23 
terminated 
at source and/or package 
pin. 


2. 


-VEE 
Vou< 
C 
-VeE 
Vou< 


25 
-VEE 
AGND 


26 
-VEE 
AGND 


27 
C'4 
en 
DGNO 
AGND 


';l~F 
~.OlI.lF 
28 


Vou< 
DGNO 


29 


DGNO 
Vou< 


30 
Vou< 
DGNO 
31 
38 
DGNO 
AGND 
32 


DGNO 
AGND 


33 


DGNO 
AGND 
34 
DGNO 
AGND 
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Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 


• 
±1f2LSB 
MAX NONLINEARITY 
OVER 
TEMPERATURE 


• 
MONOTONICITY 
GUARANTEED 
OVER 
TEMPERATURE 


• 
MICROCOMPUTER 
INTERFACE: 
Double-Buffered 
Latch 


• 
VOLTAGE 
OUTPUT: 
±10V, ±5V, +10V 
With ±12V to ±15V Supplies 


• 
LOW POWER 
DISSIPATION: 
345mW typ 


• 
PIN COMPATIBLE 
WITH AD667 


The DAC667 
is a complete 
monolithic 
integrated 
cir- 
cuit microprocessor-compatible 
l2-bit 
digital-to-ana- 


log converter. It includes a precision voltage reference, 
microcomputer 
interface logic, double-buffered 
latch, 


and a l2-bit 
Df A converter 
with 
a voltage 
output 
amplifier. 
Fast current 
switches 
and a laser-trimmed 
thin-film 
resistor 
network 
provide 
a highly 
accurate 
and fast Df A converter. 


A double-buffered 
latch facilitates microcomputer 
inter- 
facing to 4-, 8-, 12-, or l6-bit 
data buses. The input 
buffer latch holds the l2-bit data until it is transferred 
to an intemall2-bit 
DfA converter latch, giving precise 
timing control over an analog output change. 


The DAC667 
is specified 
to ±l/4LSB 
maximum 
lin- 
earity error (B and K grades) at +25°C and ±1/2LSB 
maximum 
over the temperature 
range. All grades are 
guaranteed 
monotonic 
over the specification 
tempera- 
ture range. The DAC667 is available 
in two perform- 
ance grades and in 28-pin, 0.6" wide plastic and ce- 
ramic DIP package types. 


Ref Out 
20V Span 


Ref In 


A3 
10V Span 


AO 
Summing 


Junction 


Al 
Voor 


A2 
AGND 


CS 
Bipolar 
Offset 


DB11 
DBO 
Msa 
LSB 
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PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 


Resolution 
12 
Bits 


Logic Levels (TTL Compatible, 
TMIN to TMAX)!') 
V,H (Logic 1) 
+2 
+5.5 
V 
l"'- 


V" (Logic 0) 
0 
+0.8 
V 
CD 


I'H (VIH : 5.5V) 
3 
10 
IJA 
CD 


I'L (V,L = 0.8V) 
1 
5 
IJA 
0 


ACCURACY 
cr:: 
Linearity 
Error at +25°C 
±1/4 
±112 
±1/8 
±1/4 
LSB 
C 
T" = TM1N to TMA)( 
±112 
±314 
±1/4 
±112 
LSB 


Differential 
Linearity 
Error at +25°C 
±112 
±314 
±1/4 
±112 
LSB 


TA = TM1N to TMA)( 
Monotonicity 
Guaranteed 
LSB 
Gain 
Error(2) 
±O.l 
±O.2 
% of FSRI3) 


Unipolar Offset Error2) 
±1 
±2 
LSB 


Bipolar 
2ero(2) 
±O.05 
±O.l 
% of FSR 


DRIFT 
CJ) 


Differential 
Linearity 
±2 
ppm of FSRI"C 
a:: 


Gain (Full scale), T. : +25·C to TMIN or TMAX 
±5 
±30 
±15 
ppm of FSRI"C 
W 


Unipolar 
Offset, 
T" = +25OC 
to T MIN or T MAX 
±1 
±3 
ppm of FSRI"C 
I- 


Bipolar 
Zero, 
T A = +25°C 
to T MIN or T MAX 
±5 
±10 
ppm of FSRI"C 
a:: 
CONVERSION 
SPEED 
W 


Settling Time to ±0.01% of FSR for FSR Change (2killl 
500pF Load, CF: 
0) 
> 
With 10kil 
Feedback 
3 
4 
IlS 
Z 
With SkU Feedback 
2 
3 
IlS 
0 
For LSB Change 
2 
IlS 
Slew Rate 
8 
V/1lS 
0 


ANALOG 
OUTPUT 
CJ 
Ranges(4) 
±2.5, ±5, ±10, +5, +10 
V 


Output 
Current 
±5 
mA 
0 


Oulput 
Impedance 
(DC) 
0.05 
U 
..J 


Short Circuit 
Current 
I 
40 
mA 
cr:: 


REFERENCE 
OUTPUT 
9.9 
10 
10.1 
V 
Z 
External 
Current 
0.1 
1 
mA 
cr:: 


POWER SUPPLY 
SENSITIVITY 
I 


Vcc: 
+11.4 to +16.5VDC 
5 
10 
ppm of FS/% 
0 


VEE: 
-11.4 
to -16.5VDC 
5 
10 
ppm of FSI'Y. 
l- 


I 
POWER SUPPLY 
REQUIREMENTS 
..J 


Rated Voltages 
±12,±15 
V 


~ 
Range(4) 
±11.4 
±16.5 
V 
Supply 
Current 
+11.4 to +16.5VDC 
14 
17 
mA 
CJ 


-11.4 
to -16.5VDC 
9 
12 
mA 
C 
TEMPERATURE 
RANGE 


Specification 
0 
+70 
·C 


Operating 
-40 
+85 
·C 


Storage 
-65 
+125 
·C 


Vcc to Power Ground 
QV to +18V 
Vee to Power Ground 
. 
OV to -18V 


Digital Inputs (Pins 11-15, 
17-28) 
to Power Ground 
-1V to +7V 
Ref In to Reference 
Ground.. 
. 
±12V 


Bipolar Offset to Reference 
Ground 
. 
±12V 


10V 
Span 
Resistor 
to Reference 
Ground 
±12V 


20V 
Span 
Resistor 
to Reference 
Ground 
. 
±24V 
Ref Out, VOIfr (Pins 6, 9) . 
. 
Indefinite Short to Power Ground, 


Momentary 
Short To Vcc 


Power 
Dissipation 
1000mW 


SYMBOL 
PARAMETER 
MfN 
TYP 
MAX 
UNITS 


10c 
Data Valid to End of CS 
50 
- 
- 
ns 


tAC 
Address Valid to End of CS 
100 
- 
- 
ns 


Ie. 
CS Pulse Width 
100 
- 
- 
ns 


tOH 
Data 
Hold Time 
0 
- 
- 
ns 


tSETT 
Output Voltage SeWing Time 
- 
2 
4 
~s 


All models, T. = +25·C, Vcc: 
+12Vor 
+15V, VEE:-12Vor-15V. 


Tne Information 
proVided nerefn Is believed 
to be reliable; nowever, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracie~ or omi:50Sions.BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUT 


Resolution 
12 
Bits 


Logic Levels (TTL Compatible, 
TMI. 
to T....w(I) 


V,H (Logic 1) 
+2 
+5.5 
V 


V,L (Logic 0) 
+0 
+0.8 
V 


I'H (V,H • 5.5V) 
3 
10 
IlA 


I'L (V,L = 0.8V) 
1 
5 
~A 


ACCURACY 
Linearity Error at +25°C 
±1/4 
±112 
±1/8 
±1/4 
LSB 


T,,:: 
TM1N to TMA)( 
±112 
±314 
±1/4 
±112 
LSB 
Differential 
Linearity 
Error at +25°C 
±112 
±314 
±114 
±112 
LSB 


TA:::: 
TM1N to TMA)( 
Monotonicity 
Guaranteed 
LSB 
Gain 
Error(2) 
±O.1 
±O.2 
% of FSR(3) 


Unipolar Offset Error!21 
±1 
±2 
LSB 
Bipolar 
Zero(2) 
±O.05 
±O.1 
% of FSR 


DRIFT 
Differential 
Linearity 
±2 
ppm of FSRrC 
Gain (Full scale), 
TA = +25'C 
to T MI. 
or T MAX 
±5 
±30 
±15 
ppm ot FSRrC 


Unipolar Offset, TA 
:: +25°C to TMIN or TMAX 
±1 
±3 
ppm of FSRrC 
Bipolar Zero, TA = +25°C to TMIN or TMAX 
±5 
±10 
ppm of FSRrC 


CONVERSION 
SPEED 
Settling Time to ±0.01 % of FSR for FSR Change (2kfl II 500pF Load) 


With 10kfl 
Feedback 
3 
4 
~s 


With 5kfl 
Feedback 
2 
3 
~s 


For LSB Change 
2 
~ 


Slew Rate 
8 
VI~ 


ANALOG 
OUTPUT 
Ranges(·) 
±2.5, ±5, ±10, +5, +10 
V 
Output Current 
±5 
mA 
Output Impedance 
(DC) 
0.05 
n 
Short Circuit Current 
40 
mA 


REFERENCE 
OUTPUT 
9.9 
10 
10.1 
V 
External Current 
0.1 
1 
mA 


POWER SUPPLY 
SENSITIVITY 
Vcc• 
+11.4 to +16.5VDC 
5 
10 
ppm of FSJ% 
VEE = -11.4 
to -16.5VDC 
5 
10 
ppm of FSJ% 


POWER SUPPLY 
REQUIREMENTS 
Rated Voltages 
±12, ±15 
V 
Range(") 
±11.4 
±16.5 
V 
Supply Current 
+11.4 to +16.5VDC 
14 
17 
mA 
-11.4 
to -16.5VDC 
9 
12 
mA 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
'c 
Operating 
-40 
+85 
'c 
Storage 
-65 
+150 
'c 


• Same 
as specification 
for DAC66? AH. 


NOTES: (1) The digital input specifications 
are 100% tested at +25'C and over the full temperature 
range. (2) Adjustable to zero. (3) FSR means lull scale range 


and is 20V for ±1 OV range and 10V for the ±5V range. (4) ±10V lull scale output can be achieved using ±11.4 supplies. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 


formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


DAC667JP 
28·Pin Plastic DIP 
215 


DAC667KP 
28-Pin Plastic DIP 
215 


DAC667AH 
28LD Side-Brazed 
149 


Ceramic 
DIP 
DAC667BH 
28LD Side-Brazed 
149 


Ceramic 
DIP 


NOTE: (1) For detailed drawing and dimension 
tabie, please see end of data 
sheet, or Appendix C of Burr-Brown 
IC Data Book. 
'"(0 
(0o 
<CC 
TEMPERATURE 
LINEARITY ERROR, 
GAINTC, 
mex 
MODEL 
PACKAGE 
RANGE(OC) 
max at 25°C 
(ppmf'C) 


DAC667JP 
Plastic DIP 
Oto +70 
±1I2LSB 
±30 


DAC667KP 
Plasfic DIP 
o to +70 
±1/4LSB 
±15 
DAC667AH 
Ceramic 
DIP 
-25 to +85 
±1I2LSB 
±30 
DAC667BH 
Ceramic 
DIP 
-25 to +85 
±1/4LSB 
±15 


DISCUSSION OF 
SPECIFICATIONS 


LINEARITY 
ERROR 


Linearity 
error is defmed 
as the deviation 
of the analog 
output from a straight 
line drawn between 
the end points 
(digital inputs all ones and all zeros). DAC667 linearity error 
is specified at ±1/4LSB max at +2SoC for B and K grades, 
and ±1/2LSB 
max for A and J grades. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
linearity 
error (DLE) is the deviation 
from a 


ILSB output change from one adjacent state to the next. A 
DLE specification 
of I/2LSB means that the output step size 
can range from I/2LSB 
to 3/2LSB when the digital input 


code changes from one code word to the adjacent code word. 
If the DLE is more positive than -ILSB, 
the D/A is said to 


be monotonic. 


A D/A converter is monotonic 
if the output either increases 
or remains the same for increasing digital input values. All 
grades of the DAC667 
are monotonic 
over their specifica- 


tion temperature 
range. 


Gain drift is a measure of the change in the full scale range 
(FSR) output over the specification 
temperature 
range. Gain 
drift is expressed 
in parts per million 
per degree Celsius 
(ppmrC). 


Unipolar 
offset 
drift 
is measured 
with 
a data 
input 
of 


OOOHEX.The D/A is configured for unipolar output. Unipolar 
offset drift is expressed 
in parts per million 
of full scale 
range per degree Celsius (ppm of FSRrC). 


BURR-BROWN~ 
IElEU 


Bipolar zero drift is measured 
with a data input of 800HEx. 


The D/A is configured 
for bipolar output. Bipolar zero drift 


is expressed 
in parts per million 
of full scale range 
per 


degree Celsius (ppm of FSRrC). 


SETTLING 
TIME 


Settling time is the total time (including 
slew time) for the 


output to settle to within an error band around its fmal value 
after a change in input. Three settling times are specified to 
±O.OI% of full scale range 
(FSR): 
two for FSR 
output 


changes of 20Y (lOkO feedback) 
and lOY (Sill 
feedback), 
and one for a ILSB change. The ILSB change is measured 
at the 
major 
carry 
(7FFHEJ( to 800HEX' and 
800HEJ( to 


7FFHEx), the input transition 
at which worst-case 
settling 


time occurs. 


DAC667 is a monolithic 
integrated-circuit 
12-bit D/A con- 
verter. It is complete 
with 12-bit D/A switches 
and ladder 


network, 
voltage 
reference, 
output 
amplifier 
and micro- 


processor bus interface as shown in the front-page 
diagram. 


INTERFACE 
LOGIC 


The bus interface 
logic of the DAC667 
consists 
of four 


independently 
addressable 
latches 
in two ranks. The first 


rank consists 
of tlrree four-bit 
input latches which can be 


loaded directly from a 4-, 8-, 12- or 16-bit microprocessor/ 
microcontroller 
bus. These 
latches 
hold data temporarily 


while a complete 
12-bit word is assembled before loading it 


into the second rank of latches. This double buffered orga- 
nization prevents the generation 
of spurious analog output 
values while the complete 
word is being assembled. 


-- 


signals return to logic I, the data is latched. A truth table for 
the control signals is presented 
in Table 1. 


CS 
A3 
A2 
Al 
AO 
OPERATION 


1 
X 
X 
X 
X 
No Operation 
X 
1 
1 
1 
1 
No Operation 
0 
1 
1 
1 
0 
Enable Four LSBs of First Rank 
0 
1 
1 
0 
1 
Enable 
Four Middle 
Bits of First Rank 
0 
1 
0 
1 
1 
Enable Four MSBs of First Rank 
0 
0 
1 
1 
1 
Loads Second 
Rank from First Rank 
0 
0 
0 
0 
0 
All Latches 
Transparent 


X = Don't care. 


It is pennissible 
to enable 
more than one of the latches 
simultaneously. 
If a first rank latch is enabled 
coincident 
with the second rank latch, the data will reach the second 
rank correctly if the timing specifications 
on page 2 are met. 


LOGIC INPUT COMPATIBILITY 


The DAC667 digital inputs are TTL compatible (lAV switch- 
ing level) with a low leakage, high input impedance. 
Thus 
the inputs are suitable for being driven by any type of 5V 
logic. An equivalent 
circuit of a digital input is shown in 
Figure 1. 
-'-7~' 
~"j 
DCOM~---- 


DAC667 data inputs will float to logic I and control inputs 
will float to logic 0 if left open. It is recommended 
that any 
unused inputs be connected 
to power common to improve 
noise immunity. 


INPUT CODING 


The DAC667 
accepts positive-true 
binary input codes. 


Input coding for unipolar 
analog output 
is straight 
binary 
(USB), where all zeros (OOOHEX)on the data inputs gives a 
zero analog output and all ones (FFFHEX) gives an analog 
output 
ILSB below full scale. 


Input 
coding 
for bipolar 
analog 
outputs 
is bipolar 
offset 
binary (BOB), where an input code of OOOHEXgives a minus 
full-scale 
output, an input of FFFHEXgives an output ILSB 
below positive full scale, and zero occurs for an input code 
of 8ooHEX. 


The DAC667 can be used with two's complement 
coding if 
a Jogic inverter is uscd ahead of the MSB input (DBll). 


typically 
±O.2% and tested and guaranteed 
to ±I %. VREF 


OUT must be connected 
to VREFIN through 
a gain adjust 
resistor with a nominal value of 50n. A trim potentiometer 
with a nominal 
value of loon 
can be used to provide 
adjustment 
to zero 
gain 
error. 
If an external 
JO.OOOV 
reference 
is used, it may be necessary 
to increase the trim 
range slightly. 


The reference 
output may be used to drive external loads, 
sourcing up to 5mA. The load current should be constant, 
otherwise the gain (and bipolar offset, if connected) 
of the 
converter 
will vary. 


It is possible 
to use references 
other 
than 
+ JOV. The 
recommended 
range of reference 
voltage is from +8V to 
+IIV, 
which allows both 8.192V and JO.24V ranges to be 
used. The DAC667 is optimized 
for fixed-reference 
appli- 
cations. If the reference 
voltage is expected to vary over a 
wide range, a CMOS multiplying 
D/A is a better choice. 


GAIN AND OFFSET 
ADJUSTMENTS 


Figures 2 and 3 illustrate the relationship 
of offset and gain 
adjustments to a unipolar- and a bipolar-connected 
DAC667. 


Offset 
should 
be adjusted 
fITst to avoid 
interaction 
of 
adjustments. 


Offset Adjustment 
For unipolar (USB) operation, 
apply the digital input code 
that should 
produce 
zero voltage 
output 
and adjust 
the 
offset potentiometer 
for zero output. 
For bipolar 
(BOB, 
BTC) operation, 
apply the digital input code that produces 
the maximum negative output voltage and adjust the offset 
potentiometer 
for minus full scale voltage. See Table II for 
calibration 
values and codes. 


-+ 
t 


All Bits 
Logic 1 


+I 
T 
Digital Input 


Offset Adjust Translates 
the Line 


FIGURE 2. Relationship 
of Offset and Gain Adjustments 
for 
a Unipolar D/A Converter. 
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+ Full Scale - 
T 


1LSB 
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Gain'" Adj. 
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/)(/ 
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Gain Adjust 


Rotates 
the Line 


All Bits 
Logic 0 
~ . 
~ 
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f 
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Range 
of 
~~ 
, 


Offset Adjust/~' 


Offset Adj.1 
Translates 
:h:~~~oT 


I-t-rl 


t 
All Bits 
Logic 1 
\ 
MSBon 
All 
Others Off 


FIGURE 3. Relationship 
of Offset and Gain Adjustments 
for 
a Bipolar D/A Converter. 


Gain Adjustment 
For either unipolar 
or bipolar 
operation, 
apply the digital 
input that gives the maximum 
positive voltage output. Ad- 


just the gain potentiometer 
for this positive full scale volt- 
age. See Table II for calibration 
values. 
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Data II 
Data = FFFHEX- 
Data 


= OOOHEX 
- OOOHEX- 


I 


- 
II 


CS 


"- 
Your 


C,.O 
1/ 


FFFHEX 
+4.9987V 
+9.9976V 
+2.49H/V 
+4.~l1/bV 
+~.~::IOI 
Ii 


aOOHEX 
+2.5000V 
+5.0000V 
O.OOOOV 
O.OOOOV 
O.OOOOV 


7FFHEX 
+2.4987V 
+4.9976V 
-{).0013V 
-{).0024V 
-{).0049V 


OOOHEX 
O.OOOOV 
O.OOOOV 
-2.5000V 
-5.0000V 
-10.0000V 
1LSB 
1.22mV 
2.44mV 
1.22mV 
2.44mV 
4.88mV 


SETTLING TIME 
PERFORMANCE 


The switches, reference and output amplifier of the DAC667 
are designed for optimum settling time performance 
(Figure 
4). Figure 4a shows the full scale range step response, YOUT 
-lOY to + IOY to -IOY, for data input OOOHEXto FFFHEXto" 
OOOHEx'Figure 4b shows the settling time response 
at plus" 


full scale (+ lOY) for an output 
transition 
from -lOY 
to 
+IOY. Figure 4c shows the settling time response at mjnus 
full scale (-JOY) 
for an output 
transition 
from + JOY to 
-IOY. Figure 4d shows the major carry glitch response 
for 
input code transitions 
7FFHEXto 800HEXand for 800HEXto 
7FFHEx· 


Unlike the Analog Devices AD667, the Burr-Brown DAC667 
does not require 
an external 
capacitor 
(Cr = 2OpF) across 


RSPAN to eliminate overshoot. Using the 20pF with the Burr- 
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20Y Span 
DBll 
2B 
MSB 


DB10 
SOkO(2) 


SumJct. 
DB9 


DBa 


DB? 


VAEFOUT 
DB6 


DBS 


+Ycc 
DB4 


DB3 


DB2 


CS 
DBt 


A3 
DBO 


A2 
PwrGnd 


14 
A1 
AO 
1S 


20Y Span 
DBll 
28 
MSB 


10Y Span 
DB10 


DB9 
NOTES: 


DBa 
(1) 1OuF tantalum for 


DB? 
optimum 
settling 


performance. 


VAEFOUT 
DB6 
(2) Unipolar offset adjust is 


not necessary 
in most 


DBS 
applications. 
(3) For the ceramic pack- 


DB4 
age, the lid is cannec- 


DB3 
tedto-Ycc· 


-VEE 
DB2 


CS 
DBl 


A3 
DBO 


A2 
PwrGnd 


14 
Al 
AO 
1S 


Unipolar 


Brown DAC667 increases the settling time about one micro- 
second. The DAC667 settling time is specified at 7f.1Smaxi- 
mum. The AD667 is specified at 4f.1Smaximum. 


POWER 
SUPPLY 
CONNECTIONS 


Note that the metal lid of the ceramic-packaged 
DAC667 is 


connected 
to -VEE. Take 
care to avoid 
accidental 
short 
circuits in tightly spaced installations. 


Power 
supply 
decoupling 
capacitors 
should 
be added 
as 
shown in Figure 5. Best settling performance 
occurs using a 


IJ-lFto 1OJ-lFtantalum capacitor at -VEE. Applications 
with 
less critical settling time may be able to use O.OIJ-lFat -VEE 
as well as at +Vcc. The capacitors should be located close to 
the DAC667 
package. 


DAC667 features separate digital and analog power supply 
returns to permit optimum 
connections 
for low noise and 
high speed performance. 
It is recommended 
that both power 


ground 
(pin 
16) and analog 
ground 
(AGND, 
pin 5) be 


connected directly to a ground plane under the package. If a 
ground 
plane is not used, connect 
the AGND 
and power 


ground pins together close to the package. 
Since the refer- 
ence point for VOUT and VREF OUT is the AGND pin, it is also 
important 
to connect the load directly to the AGND pin. 


The change in current in the AGND pin due to an input data 
word change from OOOHEXto FFFHEX is only ImA. 


OUTPUT 
VOLTAGE 
SWING 
AND RANGE CONNECTIONS 


The DAC667 
output 
amplifier 
can provide 
±IOV output 


swing 
while operating 
on ±11.4V 
supplies. 
The Analog 


Devices AD667 requires a minimum 
of ±12.5V to achieve 
an output swing of ±IOV. 


Internal scaling resistors 
provided 
in the DAC667 
may be 


connected to produce bipolar output voltage ranges of ± IOV, 
±5V or ±2.5V or unipolar output voltage ranges of 0 to +5V 
or 0 to + lOV. Refer to Figures 6, 7 and 8. Connections 
for 


various output ranges are shown in Table III. 


The internal feedback resistors (5kQ) and the bipolar offset 
resistor 
(9.95kQ) 
are trimmed 
to an absolute 
tolerance 
of 


about ±1O%. 
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OUTPUT 
DIGITAL 
CONNECT 
CONNECT 
CONNECT 
RANGE 
INPUT CODES 
PIN 9TO 
PIN 1 TO 
PIN2TO 
CONNECT 
PIN 4 TO 


±10V 
Offset Binary 
1 
9 
NC 
6 (Through son fixed or 1oon trim resistoL) 


±5V 
Offset 
Binary 
1 and 2 
2and9 
1 and 9 
6 (Through 
SOO fixed or 1000 
trim resistor.) 


±2.5V 
Offset Binary 
2 
3 
9 
6 (Through son fixed or loon trim resistoL) 


o to +10V 
Straight Binary 
1 and 2 
2 and 9 
1 and 9 
5 (Or optional trim. See Figure 7.) 
o to +5V 
Straight Binary 
2 
3 
9 
5 (Or optional trim. See Figure 7.) 


MICROCOMPUTER 
BUS INTERFACING 


The DAC667 interfaces easily to 8-bit microprocessor 
sys- 
tems of all types. The control logic makes possible the use 
of right- or left-justified 
data formats. Data formats for 8-bit 


buses are illustrated 
in Figure 9. 


Whenever 
a 12-bit D/A is loaded from an 8-bit bus, two 


bytes are required. 
If the software 
program 
considers 
the 


data to be a 12-bit binary fraction 
(between 
0 and 4095/ 
4096), the data is left-justified, 
with the eight most signifi- 
cant bits in one byte and the remaining bits in the upper half 
of another byte. Right-justified 
data calls for the eight least 
significant 
bits to occupy 
one byte, 
with the four most 
significant 
bits residing 
in the lower half of another 
byte, 


simplifying 
integer arithmetic. 


Figure 10 shows an addressing 
scheme for use with a DAC- 
667 set up for left-justified 
data in an 8-bit system. The base 
address is decoded from the high-order 
address bits and the 
resultant 
active-low 
signal is applied to CS. The two LSBs 


of the address bus are connected 
as shown to the DAC667 
address inputs. The latches now reside in two consecutive 
locations, 
with location 
XOI loading 
the four LSBs 
and 


location X I0 loading the eight MSBs and updating the output. 


Right-justified 
data can also be accommodated 
as shown in 
Figure 
11. The DAC667 
still occupies 
two adjacent 
loca- 
tions in the processor's 
memory 
map. Location 
XOI loads 


the eight LSBs and location XIO loads the four MSBs and 
updates the output. 


12- AND 16-BIT BUS INTERFACES 


For operation 
with 12- and 16-bit buses, all four address 
lines (AO through A3) are connected to logic 0, and the latch 
is enabled by CS asserted low. The DAC667 thus occupies 
a single memory location. 


This configuration 
uses the first and second rank registers 


simultaneously. 
The CS input can be driven from an active- 
low decoded 
address. It should be noted that any data bus 


activity during the period when CS is low will cause activity 
at the DAC667 
output. If data is not guaranteed 
stable during 


this period, the second rank register can be used to provide 
double buffering. 
See Figure 12. 
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UOII 
lIVI;:)DJ 


06 
OB10 
OB10 


05 
OB9 
OB9 


04 
OBB 
OBB 


03 
DB? 
O? 
DB? 


02 
OB6 
06 
OB6 


01 
OBS 
05 
OBS 


DO 
DB4 
D4 
DB4 


DB3 
D3 
DB3 


DB2 
D2 
DB2 
OAC66? 
OAC66? 
DB1 
Dl 
DBl 


DBO (LSB) 
DO 
DBO (LSB) 


WR 
WR 


A1S 
AlS 
CS 
CS 


A2 
A2 


A1 
AO 
Al 
AO 


Al 
A1 


AO 
A2 
AO 
A2 


A3 
A3 


DBll 
(MSB) 


DB10 
DB9 
DBB 
DB? 
DB6 
DBS 
DB4 
DB3 
DB2 
DB1 
DBO (LSB) 
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BURR - BROWN® 
IElElI 
DAC700n02 
DAC701n03 


Monolithic 
16-Bit 
DIGITAL- TO-ANALOG 
CONVERTERS 


• 
VOUT AND 
lOUT MODELS 


• 
HIGH ACCURACY: 
Linearity 
Error iO.0015% 
of FSR max 
Differential 
Linearity 
Error iO.003% 
of FSR 
max 


• 
MONOTONIC 
(at 15 bits) OVER FULL 
SPECIFICATION 
TEMPERATURE 
RANGE 


The 
DAC70X 
family 
comprise 
of complete 
16-bit 
digital-to-analog 
converters 
that includes a precision 
buried-zener 
voltage reference 
and a low-noise, 
fast- 


settling output 
operational 
amplifier 
(voltage 
output 
models), all on one small monolithic chip. A combina- 
tion of current -switch design techniques accomplishes 
not only 15-bit monotonicity 
over the entire specified 


temperature 
range, 
but also a maximum 
end-point 
linearity error of 10.0015% 
of full-scale range. Total 


full-scale gain drift is limited to ±lOppml"C 
maximum 
(LH and CH grades). 


• 
PIN-COMPATIBLE 
WITH DAC70, 
DAC71 , 


DAC72 


• 
DUAL-IN-L1NE 
PLASTIC 
AND HERMETIC 
CERAMIC 
AND SOIC 


Digital 
inputs are complementary 
binary 
coded 
and 
are TTL-, LSTTL-, 54n4C- and 54n4HC-compatible 
over the entire 
temperature 
range. 
Outputs 
of 0 to 


+IOV, ±IOV, 0 to -2mA, 
and ±lmA 
are available. 


These Df A converters are packaged in hermetic 24-pin 
ceramic side-brazed 
or molded plastic. The DIP-pack- 


aged parts are pin-compatible 
with the voltage 
and 
current 
output 
DAC71 
and DACn model families. 


The DAC700 
and DAC702 
are also pin-compatible 
with 
the 
DAC70 
model 
family. 
In addition, 
the 


DAC703 
is offered 
in a 24-pin 
SOIC package 
for 
surface mount applications. 


1 


16-8it 
Ladder 
Resistor 
Digital 
Network 
Inputs 
And 
Current 
Switches 


-=- 
- 
Gain Adjust 


- 
+Vcc 


-- 
-Vcc 


-- 
Voo 
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SPECIFICATIONS 


DAC702l703J 
DAC7001701n02l703K 
DAC7001701n02l703B, 
S 
DAC7001701n02l703L, 
C 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 


DIGITAL INPUT 
Resolution 
16 
Bits 


Digital Inputs (1) 


V,H 
+2.4 
+Vcc 
V 
VIL 
-1.0 
+0.8 
V 
I'H, V, = +2.7V 
+40 
. 
~ 
Ill> VI:so +O.4V 
-0.35 
-0.5 
mA 


TRANSFER 
CHARACTERISTICS 


ACCURACy(2) 
Linearity 
Error("') 
±0.0015 
±0.006 
±0.003 
±0.OOO75 ±O.0015 
%ofFSR(3) 


Differential Linearity 


Erro~') 
±0.003 
±0.012 
±0.006 
±0.0015 
±0.003 
%of 
FSR 
Differential Linearity 
Error at Bipolar Zero 
(DAC7021703)(') 
±O.003 
±0.006 
±O.0015 
±0.003 
%ofFSR 


Gain 
Error(5) 
±0.07 
±0.30 
±O.15 
±0.05 
±0.10 
•.... 
% 


Zero 
Error<5. 6) 
±0.05 
±0.10 
%ofFSR 


Monotonicify 
Over Spec. 


Temp Range 
13 
14 
15 
Bits 


DRIFT (over specification 


temperature 
range) 


Total Error Over 
Temperature 
Range 
(all models)l7) 
±0.08 
±O.15 
±0.05 
±0.10 
%of 
FSR 
Tofal Full scale Drift: 


DAC7oonOl 
±10 
±30 
±8.5 
±18 
±6 
±13 
ppm of FSRrC 


DAC7021703 
±10 
±25 
±7 
±15 
ppm of FSR/"C 
Gain Drift (all models) 
±10 
±30 
±25 
±7 
±15 
±5 
±10 
ppmJ"C 
Zero Drift: 


DAC7oonOl 
±2.5 
±5 
±1.5 
±3 
ppm of FSRrC 


DAC7021703 
±5 
±15 
±12 
±4 
±10 
±2.5 
±5 
ppm of FSRrC 
Differential Linearity 


Over Tamp. 
(oil 
±0.012 
+0.009, 
+0.006, 
%ofFSR 


-0.006 
-0.003 
Linearity Error 
Over Temp.(") 
±0.012 
±0.006 
±O.003 
%ofFSR 


SETTLING 
TIME (to 


±0.003% of FSR)IS) 


DAC701n03 
(Vour Models) 


Full scale Step, 2kn Load 
4 
8 
~s 
lLSB 
Step at 


Worst~Case Code(9) 
2.5 
~s 
Slew Rate 
10 
V/~ 


DAC7001702 (lour Models) 
Full scale Step (2mA), 


10 to 1000 Load 
350 
1000 
ns 
lkn 
Load 
1 
3 
~s 


OUTPUT 


VOLTAGE 
OUTPUT 
MODELS 


DAC701 (CSB Code) 
oto +10 
V 
DAC703 (COB Code) 
±10 
V 
Output Current 
±5 
mA 


Output Impedance 
0.15 
0 
Short Circuit to 


Common Duration 
Indefinite 
CURRENT OUTPUT 
MODELS 
DAC700 (CSB Code)11.) 
Oto-2 
mA 


Output Impedance(1.) 
4 
kn 


DAC702 (COB Code)(1.) 
±1 
mA 


Output 
Impedance(10) 
2.45 
kn 


Compliance 
Voltage 
±2.5 
. 
V 
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DAC702f703J 
DAC70017011702f703K 
DAC70017011702f703B. 
S 
DAC70017011702f703L, 
C 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
('f) 
REFERENCE 
VOLTAGE 
~ 
Vo~age 
+6.3 
+6.0 
+6.3 
+6.6 
+6.24 
+6.3 
+6.36 
V 
Source Current Available 
~ 
for External Loads 
+2.5 
+1.5 
mA 
Temperature 
Coefficient 
±10 
±25 
±15 
ppmf'C 
,... 


Short Circuit to Common 
~ 
Duration 
Indefinite 


POWER SUPPLY 
REQUIREMENTS 
0 


V 
•••••• 


Voltage: +Vcc 
13.5 
15 
16.5 
0 
-VO(; 
13.5 
15 
16.5 
V 
< 
Voo 
+4.5 
+5 
+16.5 
V 
Current (No Load): 
C 
DAC7001702 


(lour Models) 
• I 
. 
+VO(; 
+10 
+25 
mA 
-VO(; 
-13 
-25 
mA 
Voo 
+4 
+8 
mA 
DAC7011703 
(Vour Models) 
en 
+Vcc 
+16 
+30 
mA 
a: 
-Vec 
-18 
-30 
mA 
W 
Voo 
+4 
+8 
mA 
~ 
Power Dissipation: 
I" 
a: 
(Voo = +5.0V)("1 
. 


DAC7001702 
365 
790 
630 
mW 
W 
DAC7011703 
530 
940 
780 
mW 
> 
Power Supply Rejection: 
Z 
+VO(; 
±O.0015 
±O.OO6 
±0.003 
0/0 of FSRJO/OVcc 
0 
-VO(; 
±0.0015 
±0.006 
±0.003 
0/0 of FSRrYoVcc 


Voo 
±O.OOOl 
±0.001 
% of FSR/%Voo 
0 


TEMPERATURE 
RANGE 
CJ 
Specification: 
0 
B, C Grades 
-25 
+85 
·C 
..J 
S Grades 
-55 
+125 
·C 
< 
J. K. L Grades 
0 
+70 
0 
+70 
·C 
Storage: Ceramic 
~O 
+150 
·C 
Z 
Plastic, SOIC 
~O 
+100 
·C 
< 
• Specification 
same as model to the left. 


NOTES: (1) Digital inputs are TTL. LSTTL, 54174C, 54174HC, and 54174HTC compatible 
over the operating voltage range of Voo z +5V to +15V and over the specified 
temperature 
range. The input switching threshold remains altha 
TIL threshold of 1.4V over the supply range of Vaa "" +5V to +15V. As logic ·0· and logic -1- inputs vary over 
OVto +0.8V and +2.4V to +10V respectively, the change in the D/A converter output vo~age will nof exceed ±O.0015% of FSR for the LH and CH grades, ±O.003% of FSR for 
the BH grade and ±0.006% of FSR for the KG grade. (2) DAC700 and DAC702 (current-output 
models) are specified and tested with an external output operational amplifier 
connected using the internal feedback resistor in all parameters except settling time. (3) FSR means full-scale range and is 20V for the ±1 OV range (DAC703), 
1OVfor the 0 
to +10V range (DAC701). FSR is 2mA for the ±lmA 
range (DAC702) and the 0 to +2mA range (DAC700). (4) ±0.0015% 
of full-scale range is equivalent to lLSB 
in 15-bit 
resolution. ±O.003% of full-scale range is equivalent to 1LSB in 14-bit resolution. ±O.006% of full-scale range is equivalent to 1LSB in 13-bit resolution. (5) Adjustable to zero 
with extemal trim potentiometer. 
Adjusting the gain potentiometer 
rotates the transfer function around the zero point. (6) Error at input code FFFFH for DAC700 and DAC701, 


7FFFH for DAC702 and DAC703. (7) With gain and zero errors adjusted to zero at +25·C. (8) Maximum represents the 3" limit. Not 100% tested for this parameter. (9) At the 
major carry, 7FFFH to 8000H and 8000ti to 7FFFH• (10) Tolerance on output impedance and output current is ±300/o.(11) Power dissipation is an additional40mW 
when Voo 
is operated at +15V. 


+Vcc to Common. 
.. OV, +18V 
-Vccto 
Common 
OV, -18V 
Voo to Common 
OV, +18V 
Digital Data Inputs to Common 
. 
-1V, 
+18V 
Reference Out to Common 
. Indefinite Short to Common 
Extemal Vo~age Applied to RF (DAC7ooI702).... 
.... ±18V 
Extemal Vo~age Applied to D/A Output (DAC7011703) 
--5V to +5V 


VOlIT (DAC7011703) 
Power Dissipation 
Storage Temperature 
lead 
Temperature 
(soldering, 
10s) . 


. 
Indefinite Short to Common 
........................................ 
lW 


............................. 
~·C 
to +150·C 
........................... 
300·C 


NOTE: Stresses 
above those listed under -Absolute 
Maximum 
Ratings· 
may 


cause permanent damage to the device. Exposure to absolute maximum condi- 
tions for extended periods may affect device reliability. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no 


rosponsibility 
for tho uso of this information, 
and all uso of such 
information 
shall 
be entirely 
at the user's 
own 
risk. Prices 
and specifications 
are subject 
to change 
without 
notice. 


No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
B~ 1 (MSB) Input 
16 
B~ 151npul 


2 
Bil21nput 
17 
Bit 16 Input 


3 
Bil31nput 
18 
RFS -10kO 


4 
Bil41npul 
19 
No Connection 


5 
Bil51nput 
20 
RFB -10krl 


6 
Bit 6 Input 
21 
+5V Supply 
7 
Bit 71npul 
22 
Digital Ground 


8 
Bit 81npul 
23 
Analog Ground 
9 
Bit 9 Input 
24 
Current Oulpul 
10 
Bil10 
Input 
25 
Bipolar Offset 
11 
Bil11 
Input 
26 
Gain Adjust 
12 
Bil 12 Input 
27 
+15V Supply 


13 
-15V 
Supply 
28 
Reference Oulput 


14 
Bit 13 Input 
29 
-15V 
Supply 


15 
Bit 14 Input 
30 
Zener Tesl Point 


Do Not Use 


MilS (0.001") 
MilLIMETERS 


Die Size 
153 x 120 
3.89 x 3.05 
Die Thickness 
20 Mils 
0.5 
Min. Pad Size 
4x4 
0.1 x 0.1 


Metalization 
Aluminum 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Bit 1 (MSB) Input 
16 
Bit 15 Input 
2 
Bil21npul 
17 
B~ 16 Input 


3 
Bil31npul 
18 
RFS -10kO 
4 
Bil41npul 
19 
Voltage OUlpul 
5 
Bit 5 Input 
20 
RFS -10krl 


6 
Bit 6 Input 
21 
+5V Supply 
7 
Bil71nput 
22 
Digital Ground 
8 
Bil81npul 
23 
Analog Ground 
9 
Bit 9 Input 
24 
Current 
Output 
10 
Bit 10 Inpul 
25 
Bipolar Offsel 
11 
Bill1 
Input 
26 
Gain Adjust 
12 
Bit 121npul 
27 
+15V Supply 
13 
-15V 
Supply 
28 
Reference 
Output 
14 
Bil131npul 
29 
-15V 
Supply 


15 
Bil14 
Inpul 
30 
Zener Test Point 


Do Not Use 


!15 
! 


114 
d13 Substrate 
Bias: -Vcc 


MilS (0.001 ") 
MilLIMETERS 


Die Size 
153 x 120 
3.89 x 3.05 
Die Thickness 
20 Mils 
0.5 
Min. Pad Size 
4x4 
0.1 x 0.1 


Metaiization 
Aluminum 
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ALL PACKAGES 


PIN' 
DAC700n02 
DAC7011703 


1 
Bit 1 (MSB) 
Bit 1 (MSB) 
2 
Bit 2 
Bit 2 


3 
Bit 3 
Bit 3 


4 
Bit 4 
Bit 4 
5 
Bit 5 
BitS 


6 
Bit 6 
Bit 6 
7 
Bit 7 
Bit 7 
8 
Bit 8 
Bit 8 


9 
Bit 9 
Bit9 
10 
Bit 10 
Bit 10 
11 
Bit 11 
Bit 11 
12 
Bit 12 
Bit 12 
13 
Bit 13 
Bit 13 
14 
Bit 14 
Bit 14 


15 
Bit 15 
Bit 15 


16 
Bit 16 (LSB) 
Bit 16 (LSB) 
17 
RFEEDBACK 
Voor 
18 
Voo 
Voo 
19 
-Vcc 
-Vcc 
20 
Common 
Common 


21 
lOUT 
Summing 
Junction 
(Zero Adjust) 
22 
Gain Adjust 
Gain Adjust 


23 
+Vcc 
+Vcc 
24 
+6.3V Reference Output 
+6.3V Reference Output 


+II') 


NOTES: (1) Can be tied to +Vcc instead of having 


separate 
Voo supply. 
(2) Decoupling 
capacitors 
are 
0.111F to 1.011F. (3) Potentiometers 
are 
10kn 
to 


100kn. (4) 5kn(DAC7001701), 
10kn (DAC702l703). 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


DAC702JP 
24-Pin Plastic DIP 
167 


DAC703JP 
24-Pin 
Plastic DIP 
167 


DAC702KP 
24-Pin 
Plastic DIP 
167 


DAC703KP 
24-Pin Plastic DIP 
167 


DAC700KH 
24-Pin Ceramic DIP 
165 


DAC701KH 
24-Pin Ceramic DIP 
165 


DAC702KH 
24·Pin Ceramic DIP 
165 


DAC703KH 
24·Pin Ceramic DIP 
165 


DAC700BH 
24-Pin 
Ceramic 
DIP 
165 


DAC701BH 
24·Pin Ceramic DIP 
165 


DAC702BH 
24-Pin Ceramic DIP 
165 


DAC703BH 
24·Pin Ceramic DIP 
165 


DAC700LH 
24-Pin Ceramic DIP 
165 


DAC701LH 
24-Pin Ceramic DI? 
165 


DAC702LH 
24-Pin Ceramic DIP 
165 


DAC703LH 
24-Pin Ceramic DIP 
165 


DAC700CH 
24-Pin 
Ceramic 
DIP 
165 


DAC701CH 
24-Pin Ceramic DIP 
165 


DAC702CH 
24-Pin Ceramic DIP 
165 


DAC703CH 
24·Pin 
Ceramic 
DIP 
165 


DAC702SH 
24-Pin Ceramic DIP 
165 


DAC703SH 
24-Pin Ceramic DIP 
165 


DAC703JU 
24-Pin SOIC 
239 


DAC703KU 
24-Pin SOIC 
239 


BURR-BROWN_ 
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LINEARITY 
GAIN 
ERROR,MAX 
DRIFT 
OUTPUT 
TEMPERATURE 
AT +25°C 
MAX 
MODEL 
PACKAGE 
CONFIGURATION 
RANGE 
(% of FSR) 
(ppmf'C) 


DAC702JP, 
DAC703JP 
Plastic DIP 
±1mA,±10V 
aoe to +70°C 
±0.006 
±30 


DAC702KP, 
DAC703KP 
Plastic DIP 
±1mA,±10V 
O°C to +70°C 
±0.003 
±25 


DAC700KH, 
DAC701 KH 
Ceramic DIP 
o to -2mA, 
0 to +10V 
O°C to +70°C 
±0.003 
±25 


DAC702KH, 
DAC703KH 
Ceramic DIP 
±1mA,±10V 
O°C to +70°C 
±0.003 
±25 


DAC700BH, 
DAC701 BH 
Ceramic DIP 
o to -2mA, 
0 to +10V 
-25°C 
to +85°C 
±0.003 
±15 
DAC702BH, 
DAC703BH 
Ceramic DIP 
±1mA,±10V 
-25°C 
to +85°C 
±0.OO3 
±15 
DAC700LH, 
DAC701 lH 
Ceramic DIP 
o to -2mA, 
0 to +10V 
aoc to +70°C 
±0.OO15 
±10 


DAC700CH, 
DAC701 CH 
Ceramic DIP 
o to -2mA, 
0 to +10V 
-25°C 
to +85°C 
±0.0015 
±10 


DAC700SH, 
DAC701 SH 
Ceramic DIP 
o to -2mA, 
0 to +10V 
-55°C 
to +125°C 
±0.003 
±15 
DAC702LH, 
DAC703LH 
Ceramic DIP 
±1mA,±10V 
O°C to +70°C 
±0.0015 
±10 
DAC702CH, 
DAC703CH 
Ceramic DIP 
±1mA,±10V 
-25°C 
to +85°C 
±0.OO15 
±10 


DAC702SH, 
DAC703SH 
Ceramic DIP 
±1mA,±10V 
-55°C 
to +125°C 
±0.003 
±15 
DAC703JU 
Plastic SOIC 
±10V 
DOC to +70°C 
±0.006 
±30 
DAC703KU 
Plastic SOIC 
±10V 
O°C to +70°C 
±0.003 
±25 


DISCUSSION OF 
SPECIFICATIONS 


DIGITAL 
INPUT CODES 


The DAC700/701/702/703 
accept 
complementary 
digi- 


tal input 
codes 
in either 
binary 
format 
(CSB, 
unipolar 


or COB, 
bipolar). 
The COB models 
DAC702/703 
may 


be 
connected 
by 
the 
user 
for 
either 
complementary 
offset 
binary 
(COB) 
or complementary 
two's 
comple- 


ment 
(CTC) 
codes 
(see Table I). 


ANALOG 
OUTPUT 


DAC7001701 
DAC7021703 
DAC7021703 
DIGITAL 
Complementary 
Complementary 
Complementary 
INPUT 
Straight Binary 
Offset Binary 
Two's Complement 
CODES 
(CSB) 
(COB) 
(CTC)' 


OOOOH 
+ Full Scale 
+ Full Scale 
1LSB 
7FFFH 
+1/2 Full Scale 
Bipolar Zero 
- Full Scale 
8000H 
+1/2 Full Scale 
-1LSB 
+ Full Scale 
-1LSB 
FFFFH 
Zero 
- Full Scale 
Bipolar Zero 


• Invert the MSB of the COB code with an external inverter to obtain CTe 
code. 


ACCURACY 
Linearity 
This specification 
describes one of the most important mea- 


sures of performance 
of a DIA converter. 
Linearity error is 


the deviation of the analog output from a straight line drawn 
through the end points (all bits ON point and all bits OFF 
point). 


Differential 
Linearity 
Error 
Differential 
linearity error (DLE) of a D/A converter 
is the 


deviation from an ideallLSB 
change in the output from one 


adjacent output state to the next. A differential linearity error 
specification 
of ± I/2LSB means that the output step sizes 


can be between I/2LSB and 3/2LSB when the input changes 
from one adjacent 
input state to the next. A negative DLE 


specification 
of no more than -ILSB 
(-0.006% 
for 14-bit 
resolution) 
insures monotonicity. 


Monotonicity 
Monotonicity 
assures that the analog output will increase or 


remain 
the same for increasing 
input digital 
codes. 
The 
DAC700/701/702/703 
are specified to be monotonic 
to 14 
bits over the entire specification 
temperature 
range. 


DRIFT 
Gain 
Drift 
Gain drift is a measure of the change in the full-scale range 
output over temperature 
expressed 
in parts per million per 
degree centigrade 
(ppmrC). 
Gain drift is established 
by: (I) 


testing the end point differences 
for each D/A at ~IN' +25°C 
and 
~AX; 
(2) calculating 
the gain error with respect to the 


+25°C value; and (3) dividing by the temperature 
change. 


Zero 
Drift 


Zero drift is a measure 
of the change 
in the output 
with 
FFFFH (DAC700 and DAC701) applied to the digital inputs 
over the specified temperature range. For the bipolar models, 
zero is measured 
at 7FFF H (bipolar 
zero) applied 
to the 
digital inputs. This code corresponds to zero volts (DAC703) 
or zero 
rnilliamps 
(DAC702) 
at the analog 
output. 
The 
maximum change in offset at tM1N or ~AX 
is referenced to the 
zero error 
at +25°C 
and is divided 
by the temperature 


change. This drift is expressed 
in parts per million of full 


scale range per degree centigrade 
(ppm of FSRrC). 


SETTLING 
TIME 
Settling time of the D/A is the total time required 
for the 


analog output to settle within an error band around its final 
value after a change in digital input. Refer to Figure 
I for 
typical values for this family of products. 


Voltage 
Output 


Settling times are specified to ±O.OO3% of FSR (±I/2LSB 
for 
14 bits) for two input conditions: 
a full-scale 
range 


change of 20Y (DAC703) 
or JOy (DAC701) 
and a ILSB 
change at the "major carry," the point at which the worst- 
case settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to the 
next). 
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Current 
Output 
Settling times are specified 
to ±O.003% of FSR for a full- 


scale range change for two output load conditions: 
one for 
IOQ to looQ 
and one for lOooQ. It is specified 
this way 
because the output RC time constant becomes the dominant 
factor in determining 
settling time for large resistive loads. 


15 
E~~~ 
<l>_ 
a. 0 
-g ~ 
0.1 
",- 
CD 
<l> 
e ~ 
wO: 


<l>~~~ 
~= 
'" " 
ell. 
u: 


0.1 


Settling Time (~s) 


FIGURE 
1. Final-Value 
Error Band 
vs Full-Scale 
Range 
Settling Time. 


COMPLIANCE 
VOLTAGE 


Compliance 
voltage applies only to current output models. It 


is the maximum voltage swing allowed on the output current 
pin while still being able to maintain 
specified accuracy. 


POWER 
SUPPLY 
SENSITIVITY 


Power 
supply 
sensitivity 
is a measure 
of the effect 
of a 
change 
in a power 
supply 
voltage 
on the D/A converter 


output. It is defmed as a percent of FSR change in the output 
per percent of change in either the positive supply (+Vcc), 
negative 
supply 
(-V cc) or logic 
supply 
(VDO) about 
the 
nominal power supply voltages (see Figure 2). 


It is specified for DC or low frequency changes. The typical 
performance 
curve 
in Figure 
2 shows the effect 
of high 
frequency 
changes in power supply voltages. 


~ 0.030 
~ 
>~ 
e 
0.025 


<l>go 
'" 
0.020 
" 
() 
15 
.•.. 
0.015 


:;; 
a. 
g 
0.01 


w 
0: 
0.005 
(J) 
ll. 
15 
.•.. 
0 
1 
10 
100 
1k 
10k 
WOk 


Power Supply Ripple Frequency (Hz) 


FIGURE 2. Power Supply Rejection vs Power Supply Ripple 
Frequency. 


OPERATING INSTRUCTIONS 


POWER 
SUPPLY 
CONNECTIONS 
~ 


For optimum performance 
and noise rejection, power SUPPlY~ 


decoupling 
capacitors 
should 
be added 
as shown 
in the 


Connection 
Diagram. 
I~ 
tantalum 
capacitors 
should 
be 


located close to the DIA converter. 


REFERENCE 
SUPPLY 


All models 
have 
an internal 
low-noise 
+6.3V 
reference 


voltage derived 
from an on-chip 
buried zener diode. This 


reference 
voltage, available 
to the user, has a tolerance 
of 


±5% (KH models) and ±l% 
(BH models). 
A minimum 
of 
I.SmA 
is available 
for external 
loads. 
Since 
the output 
impedance 
of the reference 
output 
is typically 
IW, the 


external load should remain constant. 


If a varying load is to be driven by the reference 
supply, an 
external buffer amplifier 
is recommended 
to drive the load 
in order to isolate the bipolar offset (connected 
internally to 


the reference) 
from load variations. 


EXTERNAL 
ZERO AND GAIN ADJUSTMENT 


Zero and gain may be trimmed by installing 
external 
zero 
and gain potentiometers. 
Connect 
these potentiometers 
as 
shown in the Connection 
Diagram 
and adjust as described 
below. TCR of the potentiometers 
should be looppmrC 
or 
less. The 3.9MQ 
and 270ill 
resistors 
(±20% 
carbon 
or 
better) 
should 
be located 
close 
to the D/A 
converter 
to 


prevent 
noise pickup. 
If it is not convenient 
to use these 
high-value resistors, an equivalent "Tn network, as shown in 
Figure 3, may be substituted 
in place of the 3.9MQ part. A 
O.ool~ 
to O.OI~ 
ceramic 
capacitor 
should be connected 
from Gain Adjust to Common to prevent noise pickup. Refer 
to Figures 
4 and S for the relationship 
of zero and gain 
adjustments 
to unipolar and bipolar D/A converters. 


~=~ 
3.9MO 
180kO 
180kO 


10kn 


+Full 
-~- 


ScaleJt 


1LSB 
I 


Range of 


Zero Adjust 1 


Zero Adjust 
_ 


Translates 


the 
Line l 


Input ::: 
OOOOH 


~ 


I 
I 
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FIGURE 4. Relationship 
of Zero and Gain Adjustments 
for 
Unipolar DIA Converters, DAC700 and DAC701. 


-1 Range 
of Gain 
Adjust 


Offset 


Adjust 
Translates 
the Line 


Range 
and 
Offset 


Adjust 


FIGURE 5. Relationship 
of Zero and Gain Adjustments 
for 
Bipolar D/A Converters, DAC702 and DAC703. 


Zero Adjustment 
For unipolar 
(CSB) configurations, 
apply the digital input 
code that produces 
zero voltage or zero current output and 


adjust the zero potentiometer 
for zero output. 


For bipolar 
(COB, CTC) configurations, 
apply the digital 
input code that produces zero output voltage or current. See 
Table II for corresponding 
codes and the Connection 
Dia- 
gram for zero adjustment 
circuit connections. 
Zero calibra- 
tion should be made before gain calibration. 


Gain Adjustment 
Apply the digital 
input that gives the maximum 
posll1ve 
output voltage. Adjust the gain potentiometer 
for this posi- 
tive full scale voltage. 
See Table II for positive 
full scale 
voltages 
and the Connection 
Diagram 
for gain adjustment 
circuit connections. 


INSTAllATION 
CONSIDERATIONS 


This D/A converter family is laser-trimmed 
to 14-bit linear- 
ity. The design of the device makes the 16-bit resolution 
available. 
If 16-bit resolution 
is not required, bit 15 and bit 
16 should be connected to VDO through a single 1ill resistor. 


Due to the extremely 
high resolution 
and linearity of the 
D/A converter, 
system design problems 
such as grounding 
and contact resistance 
become very important. For a 16-bit 
converter with a JOV full-scale range, ILSB is 153~V. With 
a load current of 5mA, series wiring and connector 
resis- 
tance of only 30mQ will cause the output to be in error by 
lLSB. To understand 
what this means in terms of a system 
layout, the resistance 
of #23 wire is about O.02IQ/ft. Ne- 
glecting contact resistance, 
less than 18 inches of wire will 
produce a ILSB error in the analog output voltage! 


J.~PJ.l:'~l;;lIlCUuy 
1'\.) lllrUugn K5, AS long 
as the load resistance 
RL is constant, R, simply introduces 
a gain error and can be 
removed 
during initial calibration. 
~ 
is part of RL, if the 
output voltage 
is sensed at Common, 
and therefore 
intro- 
duces no error. If RL is variable, then R, should be less than 
RLMrJ2'6 to reduce voltage drops due to wiring to less than 
lLSB. For example, if RLMINis 5kQ, then R, should be less 
than O.08Q. RL should be located as close as possible to the 
DIA converter for optimum performance. 
The effect of R. is 
negligible. 


In many applications 
it is impractical 
to sense the output 
voltage at the output pin. Sensing the output voltage at the 
system ground point is permissible 
with the DAC700 family 
because 
the DIA converter 
is designed 
to have a constant 
return current of approximately 
2mA flowing 
from Com- 
mon. The variation 
in this current 
is under 
20~ 
(with 
changing 
input codes), therefore 
R. can be as large as 3Q 
without 
adversely 
affecting 
the linearity 
of the DIA con- 
verter. The voltage drop across R. (R. X 2mA) appears as a 
zero error and can be removed 
with the zero calibration 
adjustment. 
This alternate sensing point (the system ground 
point) is shown in Figures 6, 7, and 8. 


Figures 7 and 8 show two methods of connecting 
the current 
output models (DAC700 
or DAC702) 
with external 
preci- 
sion output op amps. By sensing the output voltage at the 
load resistor (ie, by connecting RF to the output of A, at ~), 
the effect of R, and R2 is greatly reduced. 
R, will cause a 
gain error but is independent 
of the value of RL and can be 
eliminated 
by initial calibration 
adjustments. 
The effect of 
R2 is negligible because it is inside the feedback loop of the 
output op amp and is therefore greatly reduced by the loop 
gain. 


System 
Ground 
Point 
+v 
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DIGITAL 
INPUT CODE 
16-BIT 
15-BIT 
14-BIT 
16-BIT 
15-BIT 
14·BIT 


lLSB 
(jiV) 
153 
305 
610 
305 
610 
1224 


OOOOH 
(V) 
+9.99985 
+9.99969 
+9.99939 
+9.99960 
+9.99939 
+9.99878 


FFFFH 
(V) 
0 
0 
0 
-10.0000 
-10.0000 
-10.0000 


ANALOG 
OUTPUT MODELS 


ANALOG 
OUTPUT 


DAC700 UNIPOLAR 
DAC702 
BIPOLAR 


DIGITAL 
INPUT CODE 
16-BIT 
15-BIT 
14-BIT 
16-BIT 
15-BIT 
14-BIT 


1LSB 
(jiA) 
0.031 
0.061 
0.122 
0.031 
0.061 
0.122 


OOOOH 
(mA) 
-1.99997 
-1.99994 
-1.99988 
4:1.99997 
4:1.99994 
4:1.99988 


FFFFH 
(mA) 
0 
0 
0 
+1.00000 
+1.00000 
+1.00000 


If the output cannot be sensed at Common 
or the system 
ground 
point as mentioned 
above, 
the differential 
output 
circuit shown in Figure 8 is recommended. 
In this circuit the 
output voltage is sensed at the load common and not at the 
D/A converter common as in the previous circuits. The value 
of R, and R, must be adjusted for maximum common-mode 
rejection 
at RL• Note that if R, is negligible, 
the circuit of 
Figure 8 can be reduced to the one shown in Figure 7. Again 
the effect of R4 is negligible. 


System 
Ground 


Point 
+v 


Rs 
RF 
ROAC 


DAC702 
2.45kQ 
10kQ 
2.45kQ 
DAC700 
4kQ 
5kQ 
4kQ 


i: As should be equal to the output impedance 
at the current output 


to compensate 
for the bias current drift of A,. Use standard 
10%, 


1/4W carbon 
composition 
or equivalent 
resistors. 


The D/A converter and the wiring to its connectors 
should be 
located to provide optimum 
isolation 
from sources of RFl 
and EMl. The key concept in elimination 
of RF radiation or 


pickup is loop area; therefore, 
signal leads and their return 
conductors 
should be kept close together. This reduces the 


external magnetic field along with any radiation. 
Also, if a 
single lead and its return conductor are wired close together, 
they 
present 
a small 
flux-capture 
cross 
section 
for any 


external field. This reduces radiation pickup in the circuit. 


R, 


R, 


RL 
Sense 


Rs 
Output 


R, 


System 
Ground 


Point 
+v 


FIGURE 
8. Differential 
Sensing Output Op Amp 


Configuration. 
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APPLICATIONS 


DRIVING 
AN EXTERNAL 
OP AMP 


WITH 
CURRENT 
OUTPUT 
D/AS 


DAC700 
and DAC702 
are current output devices and will 
drive the summing 
junction 
of an op amp to produce 
an 
output voltage 
as shown in Figure 9. Use of the internal 
feedback resistor is required to obtain specified gain accu- 
racy and low gain drift. 


DAC700 or DAC702 can be scaled for any desired voltage 
range with an external feedback resistor, but at the expense 
of increased drifts of up to ±50pprn/°C. 
The resistors in the 


FIGURE 
9. External 
Op Amp 
Using 
Internal 
Feedback 
Resistors. 


FIGURE 
ll. 
External 
Op Amp Using External 
Feedback 
Resistors. 


DAC700 
and DAC702 
ratio track to ±lppmrC 
but their 
absolute TCR may be as high as ±5Oppmrc. 


An alternative 
method of scaling the output 
voltage 
of the 
D/A converter and preserving the low gain drift is shown in 
Figure 10. 


OUTPUTS 
LARGER 
THAN 20V RANGE 


For output voltage ranges larger than ± lOY, a high voltage 
op amp may be employed with an external feedback resistor. 
Use 
lOUT values 
of ±lmA 
for bipolar 
voltage 
ranges 
and 
-2mA 
for unipolar 
voltage 
ranges 
(see Figure 
ll). 
Use 
protection 
diodes as shown when a high voltage op amp is 


used. 


FIGURE 
10. External Op Amp Using Internal and External 
Feedback Resistors to Maintain Low Gain Drift. 
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BURR - BROWN® 
IElElI 
DAC707 


DAC70an09 


Microprocessor-Compatible 
16-BIT DIGITAL-TO-ANALOG 
CONVERTERS 


• 
TWO-CHIP 
CONSTRUCTION 


• 
HIGH-SPEED 
16-BIT PARALLEL, 
8-BIT 


(BYTE) 
PARALLEL, 
AND SERIAL 
INPUT 
MODES 


• 
DOUBLE-BUFFERED 
INPUT REGISTER 
CONFIGURATION 


• 
VOUT AND 
lOUT MODELS 


The DAC708 
and DAC709 
are 16-bit converters 
de- 


signed to interrace to an 8-bit microprocessor 
bus. 16- 


bit data is loaded in two successive 
8-bit bytes into 
parallel 8-bit latches before being transferred 
into the 


D/A latch. The DAC708 and DAC709 are current and 
voltage output models respectively 
and are in 24-pin 
hermetic DIPs. Input coding is Binary Two's Comple- 
ment (bipolar) or Unipolar Straight Binary (unipolar, 
when an external 
logic inverter is used to invert the 
MSB). 
In addition, 
the DAC708/709 
can be loaded 


serially (MSB first). 


The DAC707 is designed to interrace to a l6-bit bus. 


8-Bit 
(DAC708, 709) 
or 
16-Bil (DAC707) 


Latch Enables! 
{ 
Mode Select 


CLEAR 
WRiTE 


CHIP SELECT 


• 
HIGH ACCURACY: 
Linearity 
Error ±O.003% of FSR max 


Differential 
Linearity 
Error ±O.006% of FSR 


max 


• 
MONOTONIC 
(TO 14 BITS) OVER 
SPECIFIED 
TEMPERATURE 
RANGE 


• 
HERMETICALLY 
SEALED 


• 
LOW COST PLASTIC 
VERSIONS 


AVAILABLE 
(DAC707JP/KP) 


Data is written into a l6-bit latch and subsequently 
the 


D/A latch. The DAC707 
has bipolar 
voltage 
output 
and input coding is Binary Two's Complement 
(BTC). 


All models have Write and Clear control lines as well 
as input latch enable lines. In addition, DAC708 
and 
DAC709 have Chip Select control lines. In the bipolar 
mode, the Clear input sets the D/A latch to give zero 
voltage or current output. They are all l4-bit accurate 
and are complete with reference, and for the DAC707, 
and DAC709, 
a voltage output amplifier. 
All models 


are available with an optional burn-in screening. 


16·Bit 


D/A 
Con- 
verter 


Summing Junction (708, 709) 


10V Range (708, 709) 


BURR-BROWN_ 
1E3E31 


DAC707n08l709KH, 
DAC707n081 


DAC707JP 
DAC707KP 
709BH, SH 


MODEL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 


DIGITAL 
INPUT 
I 
I 
16 
I 
I. 


Resolution 
Bits 


Bipolar Input Code (all models) 
Binary 
Two's 
Complement 


Unipolar Input Code(1) (DAC70Bn09 
only) 
Unipolar Stra,ght Binary 


Logic 
Levels(2l: 
V1H 
+2.0 
+5.5 
V 
VIL 
-1.0 
+O.B 
V 


I'H (V, = +2.7V) 
1 
. - 
~ 
I'L (V, = +O.4V) 
1 
~ 


TRANSFER 
CHARACTERISTICS 


ACCURACyl') 


Linearity 
Error 
±0.O03 
±0.OO6 
±Q.OO15 
±0.OO3 
%01 FSRI") 


Differential 
Linearity 
Error<5) 
±0.0045 
±0.012 
±O.OO3 
±0.006 
%ofFSR 


at Bipolar 
Zero(5. 
6) 
±0.OO3 
±0.006 
±0.OO15 
±0.OO3 
% of FSR 
Gain 
Error<1l 
±0.07 
±C.30 
±0.15 
±O.05 
±C.l0 
% 


Zero 
Error(7) 
±0.05 
±C.l 
%ofFSR 
Monotonicity 
Over Spec Tamp Range 
13 
14 
14 
Bits 


Power Supply Sensitivity: +Vcc. -Vec 
±0.OO15 
±0.006 
±0.003 
%ofFSR/%Vcc 


Voo 
±0.0001 
±0.001 
% of FSRJ"IoVDD 


DRIFT (Over Spec Temp Rangel'}) 
Talai Error Over Tamp 
Range(8) 
±O.OB 
±0.15 
±0.10 
% of FSR 
Total Full Scale Dritt 
±10 
±25 
±15 
ppm Df FSR/oC 


Gain Drift 
±10 
±30 
±25 
±7 
±15 
ppm/oC 
Zero Dritt: Unipolar (DAC70an09 
only) 
±2.5 
±5 
±1.5 
±3 
ppm of FSR/oC 


Bipolar (all models) 
±5 
±15 
±12 
±4 
±10 
ppm of FSR/oC 
Differential Linearity Over Temp(S) 
±0.012 
+0.009, 
-{l.OO6 
%DfFSR 
Linearity Error Over Temp(5) 
±0.012 
±O.OOG 
%of 
FSR 


SETTLING 
TIME (to ±0.003% of FSR)19) 


Voltage OulpClt Models 


Full Scale Step (2kO load) 
4 
B 
B 
~s 


1LSB Step at Worst Case Code1tO) 
2.5 
4 
4 
~s 


Slew Rate 
10 
. 
VJ~ 
Current Output Models 
Full Scale Slep (2mA): 10 to 1000 Load 
350 
ns 


lkn 
Load 
1 
~s 


OUTPUT 


VOLTAGE 
OUTPUT MODELS 


Output Voltage Range 
DAC709: Unipolar (USB Code) 
Oto +10 
V 


Bipolar (BTC Code) 
±5,±10 
V 
DAC707 Bipolar (BTC Code) 
±10 
V 
Output 
Current 
±5 
mA 
Output Impedance 
0.15 
0 
Short Circuit to Common Duration 
Indefinite 


CURRENT OUTPUT MODELS 
Output Current Range (±30% typ) 


DAC70B: Unipolar (USB Code) 
Oto-2 
mA 


Bipolar (BTC Code) 
±1 
mA 
Unipolar Oulput Impedance (±30% typ) 
4.0 
kO 
Bipolar Oulput impedance 
(±30% typ) 
2.45 
kn 
Compliance 
Voltage 
±2.5 
V 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
1-=--=-1 


ELECTRICAL 
(CO NT) 


At TA = +25°C. 
Vcc 
'" ±15V, 
Voo = +SV, and after a to-minute 
warm-up 
unless otherwise 
noted. 


MODEL 
MIN 


POWER SUPPLY REQUIREMENTS 


Voltage (all models): +Vcc 
+13.5 
+15 
+16.5 
-Vec 
-13.5 
-15 
-16.5 
Voo 
+4.5 
+5 
+5.5 
Current (No Load, +15V Supplies) 
Current Output Models: +Vcc 
+10 
+25 
-Vcc 
-13 
-25 
Voo 
+5 
+10 
Voltage Output Models: +Vcc 
+16 
+30 
-Vcc 
-lS 
-.30 


Voo 
+5 
+10 


Power Dissipation (±15V 
supplies) 


Current Output Models 
370 
SOO 
Voltage Output Models 
535 
950 


TEMPERATURE 
RANGE 


Specification: 
BH Grades 
-25 
JP, KP, KH Grades 
+70 
SH Grades 
-55 


Storage: 
Ceramic 
-65 
+150 
-65 


Plastic 
-60 
+100 


UNITS 


V 
V 
V 


mA 
mA 
mA 
mA 
mA 
mA 


mW 
mW 


+S5 
·C 
·C 
+125 
·C 
+150 
·C 
·C 


·Specification 
same 
as for models 
in column to the left. 
NOTES: (1) MSB must be inverted externally priorto DAC7081709 input. (2) Digital inputs are TIL, LSTIL, 54/7 4C, 54/7 4HC and 54/7 4HTC compatible overthe specitied 


temperature 
range. 
(3) DAC70B 
(current-output 
models) 
are specified 
and tested 
with an external 
output operational 
amplifier 
connected 
using the internal feedback 


resistor in all tests. (4) FSR means Full Scale Range. For example, tor±10Voulput, 
FSR = 20V. (5) ±0.0015%of 
Full Scale Range is equal to 1 LSB in 16-bit resolution, 
±O.003% 
of Full Scale Range is equal to 1 LSB in IS-bit resolution. ±O.006% 
of Full Scale Range is equal to 1 lSB in 14-bit resolution. (6) Error at input code COOOH_ 
(For unipolar connection 
on DAC708l709, 
the MSB must be inverted 
externally 
prior to D/A input.) (7) Adjustable 
to zero with external 
trim potentiometer. 
Adjusting 
the 


gain potentiometer 
rotates the transfer 
function around the bipolar zero point. (8) With gain and zero errors adjusted 
to zero at +25°C. 
(9) Maximum 
represents 
the 30 
limrt. Not 100"10 tested tor this parameter. (10) The bipolar worst-case code change is FFFFH to OOOOHand OOOOHto FFFFH. For unipolar (DAC7081709 only) rt is 7FFFH 
to SOOOHand SOOOHto 7FFFH. 


The information 
provided 
herein is believed 
to be reliable: however, 
BURR-BROWN 
assumes: no res:ponsibililyfor 
inaccuracioo 
or omissions. 
BURR 
BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are SUbject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support 
devices 
and/or 
systems. 
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PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERl') 


DAC707JP 
2B-Pin Plastic DBl Wide DIP 
215 
DAC707KP 
2B-Pin Plastic DBL Wide DIP 
215 


DAC707BH 
2BlD 
Side Brazed 
144 
Hermetic 
Dip 
DAC707KH 
2BLD Side Brazed 
144 
Hermetic DIP 
DAC707SH 
2BLD Side Brazed 
144 


Hermetic 
01 P 


DAC708BH 
24lD 
Side Brazed 
165 
Hermetic 
OJP 
DAC708KH 
24lD 
Side Brazed 
165 


Hermetic 
DIP 
DAC708SH 
24lD 
Side Brazed 
165 


Hermetic DIP 


DAC709BH 
24LD Side Brazed 
165 
Hermetic DIP 
DAC709KH 
24lD 
Side Brazed 
165 
Hermetic 
DIP 
DAC709SH 
24LD Side Brazed 
165 
Hermetic 
DIP 


Voo to COMMON 
_._.._. _._. 
_._.._. 
_.. _.. OV, +15V 
+Vcc to COMMON 
_ 
_. OV, +18V 
-Vcc 
to COMMON.. 
. 
OV, -lBV 
Digital Data Inputs to COMMON 
--{).5V, Voo +0.5 
DC Current any input 
±10mA 
Reterence Out to COMMON 
Indefinite Short to COMMON 
Vour (DAC707, 
DAC709) . 
. 
_ Indefinite Short to COMMON 
External Voltage Applied to RF (pin 13 or 14, DAC708) _.._._._._._. 
.._.±18V 
External Voltage Applied to D/AOutput 
(pin 1, DAC707;pin 
14, DAC709) 
_._._._._._._._._._._._._._._._._._.. 
_..±5V 


Power 
Dissipation 
1000mW 


Storage 
Temperature 
-GoGe to +150°C 
Lead Temperature 
(soldering, 
105) 
_._._._._._._._._. 
300'C 


Stresses 
above 
those 
listed under 
-Absolute 
Maximum 
Ratings" 
may 


cause 
permanent 
damage 
to the device. 
Exposure 
to absolute 
maximum 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


TEMPERATURE 
INPUT 
OUTPUT 
MODEL 
RANGE 
CONFIG 
CONFIG 


DAC707JP 
aoe to +70°C 
16-bitport 
±10Voutput 
DAC707JP-Blll) 
DOC to +70°C 
16-bitport 
±10Voutput 
DAC707KP 
O'C to +70'C 
16-bitport 
±10Voutput 
DAC707KP-Blll) 
aoe to +70°C 
16-bitport 
±10Voutput 
DAC707KH 
OOCto +70'C 
16-bitport 
±10Voutput 
DAC707KH-BIl') 
O'C to +70'C 
16-bit port 
±10Voutput 
DAC707BH 
-25'C 
to +85'C 
16·bit port 
±10Voutput 
DAC707BH-Blll) 
-25'C 
to +85'C 
16·bit port 
±10Voutput 
DAC707SH 
-55'C 
to +125'C 
16·bit port 
±10Voutput 
DAC707SH·BII') 
-55°C 
to +125°C 
16-bit port 
±10Voutput 


DAC708KH 
O°C to +70°C 
8-bitport 
±lmAoutput 
DAC708BH 
-25'C 
to +85'C 
8·bitport 
±1mAoutput 
DAC708SH 
-55°C 
to + 125°C 
8-bitport 
±1mAoutput 


DAC709KH 
O'Cto 
+70'C 
8·bitport 
±10Voutput 
DAC709BH 
-25°C 
to +85°C 
8·bitport 
±10Voutput 
DAC709SH 
-55'C 
to +125'C 
8·bitport 
±10Voutput 
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DESCRIPTION 
OF PIN FUNCTIONS 


DAC707 
Pin 
DAC7081709 


DESIGNATOR 
DESCRIPTION 
• 
DESIGNATOR 
DESCRIPTION 


Voor 
Vonage output for DAC707 (±10V) 
A, 
Latch enable for 0/.0. latch (Active low) 


Voo 
Logic supply (+5V) 
Ao 
Latch enable for "low byte" input (Active low). When 
both Ao and A, are logic -0", the serial input mode is 
0') 
selected 
and the serial input is enabled. 


~ 
DCOM 
Digital common 
A, 
Latch enable for "high byte" input (Active low). When 
both Ao and A1 are logic ~O",the serial input mode is 
0 
selected 
and the serial input is enabled. 
t:::: 
ACOM 
Analog common 
4 
07 (015) 
Input tor data bit 7 if enabling low byte (LB) latch or 
data bn 15 if enabling the high byte (HB) latch. 
0f' 
SJ 
Summing junction of the internal output op amp for the 
06 (014) 
Input for data bit 6 if enabling 
LB latch or data bit 14 if 
0 
DAC707. Offset adjust circuit is connected 
to the 
enabling the HB latch. 
< 
summing junction of the output amplifier. 
Refer to Block 


Diagram. 
C 
GA 
Gain adjust pin. Refer to Connection 
Diagram 
for gain 
05 (013) 
Data bit 5 (LB) or data bit 13 (HB) 
adjust circuit. 


+Vcc 
Positive supply vonage (+15V) 
04 (012) 
Data bit 4 (LB) or data bn 12 (HB) 


-Vcc 
Negative supply voltage (-15V) 
03 (011) 
Data bit 3 (LB) or data brt 11 (HB) 


CLR 
Clear line. Sets the input latch to zero and sets the O/A 
02 (010) 
Data bit 2 (LB) or data bit 10 (HB) 
en 
latch to the input code that gives bipolar zero on the 
a:: 
0/.0. output (Active low) 
W 
WR 
Write control line (Active low) 
10 
01 (09) 
Data bit 1 (LB) or data bit 9 (HB) 
I- 


A, 
Enable for D/A converter 
latch (Active low) 
11 
DO (D8)/SI 
Data bit 0 (LB) or data bit 8 (HB). Serial input when 
a:: 
serial mode is selected. 
W 
Ii;, 
Enable for input latch (Active low) 
12 
DCOM 
Digital common 
> 
015 (MSB) 
Data bit 15 (Most Significant 
Bit) 
13 
R" 
Feedback 
resistor for internal or external 
operational 
Z 
amplifier. Connect 
to pin t 4 when a t OV output range 
0 
is desired. 
Leave open for a 20V output range. 


014 
Data bit 14 
14 
VOUT 
Voltage 
output for DAC709 
or feedback 
resistor for 
0 
RF, (DAC708) 
use with an external output op amp for the DAC708. 
Co' 
Refer to Connection 
Diagram 
for connection 
of 


external op amp to DAC708. 
0 
013 
Data bn 13 
15 
ACOM 
Analog oommon 
..J 


012 
Data bit 12 
16 
SJ (DAC709) 
Summing 
junction of the internal output op amp for the 
< 
loor (DAC708) 
DAC709, or the current output for the DAC708. Refer 
Z 
to Connection 
Diagram 
for connection 
of external 
op 
< 
amp to DAC708. 
I 


011 
Data bit 11 
17 
BPO 
Bipolar offset. Connect 
to pin 16 when operating 
in the 
0 
bipolar mode. Leave open for unipolar mode. 
I- 


010 
Data bn 10 
18 
GA 
Gain adjust pin 
I..J 


09 
Data bn 9 
19 
+Vcc 
Positive supply voltage 
(+15V) 


~ 
08 
Data bit 8 
20 
-Vcc 
Negative suppiy voltage (-15V) 


07 
Data bit 7 
21 
CLR 
Clear line. Sets the high and low byte input registers 
Co' 
to zero and, for bipolar operation, 
sets the D/A register 
to the input code that gives bipolar zero on the D/A 
C 
output. (In the unipolar mode, invert the MSB prior to 
the 0/.0..) 


06 
Data bit 6 
22 
WR 
Write control line 


05 
Data M 5 
23 
CS 
Chip select control line 


04 
Data bit 4 
24 
Voo 
Logic suppiy (+5V) 


03 
Data bit 3 
25 
No pin 


02 
Data bit 2 
26 
No pin 
(The DAC708 and DAC709 are in 24-pin packages) 


01 
Data bit 1 
27 
No pin 


DO (LSB) 
Data bit 0 (Least Signiticant 
Bit) 
28 
No pin 
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RegisterI 
Enable 


Lines 


Controlunes{ 


latch Enable Lines { 


{ 


(MSB) D15 


Digital Inputs 
D14 


NOTES: (1) Potentiometers 
are 10kO 
to 100kO. 
(2) Decoupling capeitors are 0.1~F to 1.0~F. 
(3) Bvpass. 0.0022uF to 0.01 uFo 


16-Bit 
Ladder 


Resistor 
Network 


and 


Current 


Switches 


NOTES: (1) Potentiometer 
is 


10kO to 100kn. 
(2) Decoupling 
capeitors are 0.1~F to 1.0~F. 


-Vcc 


DAC709: ... 
_ 


Only 
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DISCUSSION OF 
SPECIFICATIONS 


DIGITAL 
INPUT CODES 


For bipolar operation, the OAC707 n08n09 
accept positive- 


true 
binary 
two's 
complement 
input 
code. 
For unipolar 
operation (OAC708n09 
only) the input code is positive-true 
straight-binary 
provided that the MSB input is inverted with 


an external inverter. See Table 1. 


ANALOG 
OUTPUT 


Digital 
Unipolar Straight Binary(l) 
Binary Two's Complement 
Input 
(DAC7081709 only; connected 
(Bipolar 
operation; 


Codes 
for Unipolar 
operation) 
all models) 


7FFFH 
+1/2 Full Scale -1 LSB(2) 
+Full Scale 


OOOOH 
Zero 
Zero 
FFFFH 
+Full Scale 
-ILSB 


8000H 
+1/2 Full Scale 
-Full Scale 


NOTES: (1) MSB must be Invened externally. (2) Assumes MSB is invened 
externally. 


ACCURACY 


Linearity 


This specification 
describes one of the most important mea- 
sures of performance 
of a OfA converter. 
Linearity error is 


the deviation of the analog output from a straight line drawn 
through the end points (-Full 
Scale point and +Full Scale 
point). 


Differential 
Linearity 
Error 


Differential 
Linearity Error (OLE) of a OfA converter is the 
deviation from an ideal ILSB change in the output when the 
input changes from one adjacent code to the next. A differ- 
entiallinearity 
error specification 
of ±lf2LSB 
means that the 
output step size can be between 
1/2LSB and 3f2LSB when 


the input changes between adjacent codes. A negative OLE 
specification 
of -ILSB 
maximum (-0.006% 
for 14-bit reso- 
lution) insures monotonicity. 


Monotonicity 


Monotonicity 
assures that the analog output will increase or 


remain 
the same for increasing 
input digital 
codes. 
The 
OAC707n08n09 
are specified 
to be monotonic 
to 14 bits 
over the entire specification 
temperature 
range. 


DRIFT 


Gain Drift 


Gain Drift is a measure of the change in the full-scale range 
output over temperature 
expressed 
in parts per million per 
degree centigrade 
(ppm;oC). Gain drift is established 
by: (1) 
testing the end point differences 
at tM1N, +25°C and ~AX; 
(2) 
calculating 
the gain error with respect to the +25°C value; 
and (3) dividing by the temperature 
change. 


Zero Drift 


Zero Drift is " me"$ure of the change in the output with 
OOOOHapplied to the OfA converter inputs over the specified 
temperature 
range. (For the OAC708n09 
in unipolar mode, 


the MSB must be inverted). 
This code corresponds 
to zero 


volts (OAC707 and OAC709) or zero milliamps 
(OAC708) 


at the analog output. The maximum 
change in offset at ~IN 


or ~ 
is referenced to the zero error at +25°C and is divided 
by the temperature 
change. This drift is expressed 
in FSRJ 


0c. 


Settling time of the OfA is the total time required 
for the 


analog output to settle within an error band around its fmal 
value after a change in digital input. Refer to Figure 
1 for 


typical values for this family of products. 


a: 
1:: 
(; 
" ... 
lij.±t 
~ 
~ 
0.1 
o c 
Lb~ 
o>.!!! 
" '" 
~~ 
t;;"S 
0.01 
c"- 
U::O 
E 
@ 


~ 
0.001 


0.01 
0.1 
1 


Settling Time (~s) 


FIGURE I. Final-Value Error Band Versus Full-Scale Range 


Settling Time. 


Voltage 
Output 


Settling times are specified 
to ±O.003% of FSR (±lf2LSB 
for 
14 bits) for two input conditions: 
a full-scale 
range 
change of20V (±10V) or IOV (±5V orO to 10V) and a lLSB 
change at the "major carry", the point at which the worst- 
case settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to the 
next.) 


Current 
Output 


Settling times are specified 
to ±O.003% of FSR for a full- 


scale range change for two output load conditions: 
one for 


Ion 
to loon 
and one for 1000n. 
It is specified 
this way 


because the output RC time constant becomes the dominant 
factor in determining 
settling time for large resistive loads. 


COMPLIANCE 
VOLTAGE 


Compliance 
voltage applies only to current output models. It 


is the maximum voltage swing allowed on the output current 
pin while still being able to maintain specified 
accuracy. 


POWER 
SUPPLY 
SENSITIVITY 


Power 
supply 
sensitivity 
is a measure 
of the effect 
of a 


change 
in a power 
supply 
voltage 
on the OfA converter 
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output. It is defined as a percent of FSR change in the output 
per percent of change in either the positive supply (+Vcc)' 
negative 
supply 
(-V cc) or logic 
supply 
(V DD) about 
the 
nominal power supply voltages (see Figure 2). It is specified 
for DC or low frequency changes. The typical performance 
curve in Figure 2 shows the effect of high frequency changes 
in power supply voltages. 


~ 


0.030 


.} 
0.025 
.58, 
2 
0.020 
'-' 
"0 
". 
0.015 


;;; 
Q. 
g 
0.010 


wa: 
Cf) 
0.005 
u. 


"0 
•• 
0 


1 
10 
100 
lk 
10k 
lOOk 


Power Supply Ripple Frequency (Hz) 


FIGURE 
2. Power Supply Rejection 
Versus Power Supply 
Ripple Frequency. 


POWER 
SUPPLY 
CONNECTIONS 


For optimum performance 
and noise rejection, power supply 


decoupling 
capacitors 
should 
be added 
as shown 
in the 
Connection 
Diagram. 
l~ 
tantalum 
capacitors 
should 
be 
located close to the D/A converter. 


EXTERNAL 
ZERO AND GAIN ADJUSTMENT 


Zero and gain may be trimmed by installing 
external zero 


and gain potentiometers. 
Connect 
these potentiometers 
as 
shown in the Connection 
Diagram 
and adjust as described 
below. TCR of the potentiometers 
should be lOOpprn/"C or 
less. The 3.9MQ 
and 270kQ 
resistors 
(±200/0 
carbon 
or 
better) 
should 
be located 
close 
to the D/A converter 
to 
prevent 
noise pickup. 
If it is not convenient 
to use these 
high-value resistors, an equivalent "T" network, as shown in 
Figure 3, may be substituted 
in place of the 3.9MQ resistor. 
A O.OOl~ to 0.01~ 
ceramic capacitor should be connected 


from GAIN ADJUST 
to ANALOG 
COMMON 
to prevent 
noise pickup. Refer to Figures 4 and 5 for the relationship 
of 


zero and gain adjustments 
to unipolar D/A converters. 


~=~ 
10kOl 
. 


Zero Adjustment 


For unipolar 
(USB) configurations, 
apply the digital input 
code that produces 
zero voltage or zero current output and 
adjust the zero potentiometer 
for zero output. 


For bipolar 
(BTC) configurations, 
apply the digital 
input 
code that produces zero output voltage or current. See Table 
II for corresponding 
codes and connection diagrams for zero 


adjustments 
circuit connections. 
Zero calibration 
should be 


made before gain calibration. 


Gain Adjustment 


Apply 
the digital 
input that gives the maximum 
positive 
output voltage. Adjust the gain potentiometer 
for this posi- 
tive full-scale 
voltage. 
See Table II for positive 
full-scale 
voltages and the Connection 
Diagrams 
for gain adjustment 
circuit connections. 


+ 
t t- + Full Scale 


lLSB I 


FIGURE 4. Relationship 
of Zero and Gain Adjustments 
for 
Unipolar 
D/A 
Converters, 
DAC708 
and 
DAC709. 


.--i 


" 
Range 
of 
Gain Adjust 
.•.•.•.•.•.•.... 
"" Gain Adjust 
" 
-- 


Rota~es 
)(,' 
.•.•,' 
+ 


the line,' 
)t " 
Offset Adjust 
', 
l( 
Translates 


"''''' 
the Line 
" , 
'" 
,.1' 


+ Full Scale 
-.. T 


lLSB 
Input = 8000H 
IH-t--l 
t 
, 
>-L..J......J 
Range and 
. 
~I 
Offset Adjust 
\ 
Input = 7FFFH 
t 
Input = OOO~ 


I-Full 
Scale 


Digital Input 


FIGURE 5. Relationship 
of Zero and Gain Adjustments 
for 
Bipolar D/A Converters, DAC707 and DAC708/ 
709 
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VOLTAGE 
OUTPUT MODELS 


Digital 
Analog 
Output 
Digital 
Analog 
Output 


Input 
Unipolar, 
0 to +10V(') 
Input 
Bipolar, 
±lOV 
Bipolar, 
±SV 
Code 
Units 
Code 
16-BII 
15-BII 
14-Blt 
16-Blt 
15-Blt 
14-BII 
Units 
16-Blt 
15-Blt 
14-BII 


One LSB 
153 
305 
610 
"V 
One LSB 
305 
610 
1224 
153 
305 
610 
"V 


FFFFH 
+9.99985 
+9.99969 
+9.99939 
V 
7FFFH 
+9.99960 
+9.99939 
+9.99878 
+4.99980 
+4.99970 
+4.99939 
V 
0') 


ooOOH 
0 
0 
0 
V 
8oo0H 
-10.0000 
-10.0000 
-10.0000 
..5.סס OO 
-5.0000 
..5.0000 
V 


~ 
CURRENT 
OUTPUT MODELS 


Digital 
Analog 
Output 
Digital 
Analog 
Output 
~ 
Input 
Unipolar. 0 to -2mA(1) 
Input 
Bipolar, 
±1 mA 
Code 
Code 
0 
16-Blt 
15-Blt 
14-Blt 
Unlta 
16-Blt 
15-Blt 
14-Blt 
Units 
•••••• 


One LSB 
0.031 
0.061 
0.122 
"A 
One LSB 
0.031 
0.061 
0.122 
J!A 
0 


FFFFH 
-1.99997 
-1.99994 
-1.99988 
mA 
7FFFH 
-0.99997 
-0.99994 
-0.99988 
mA 
« 


OOOOH 
0 
0 
0 
mA 
8000H 
+1.00000 
+1.00000 
+1.00000 
mA 
C 


INTERFACE 
LOGIC AND TIMING 


DAC70Sn09 


The signals 
CHIP SELECT 
(CS), WRITE 
(WR), register 
enables (Ao' AI' and A,) and CLEAR 
(CLR), provide the 
control functions for the microprocessor 
interface. They are 
all active in the "low" or logic "0" state. CS must be low to 
access any of the registers. 
Ao and AI steer the input 8-~it 
data byte to the low- or high-byte input latch respectively. 
A, 


gates the contents of the two input latches through to the 0/A 
latch in parallel. The contents are then applied to the input of 
the D/A converter. 
When WR goes low, data is strobed into 


the latch or latches which have been enabled. 


The serial input mode is activated when both Ao and AI are 
logic "0" simultaneously. 
The DO (D8)/SI 
input data line 
accepts the serial data MSB fust. Each bit is clocked in by 
a WR pulse. Data is strobed through to the D/A latch by A, 
going to logic "0" the same as in the parallel input mode. 


Each of the latches can be made "transparent" 
by maintain- 


ing its enable signal at logic "0". However, as stated above, 
when both Ao and AI are logic "0" at the same time, the 
serial mode is selected. 


The CLR line resets both input latches to all zeros and sets 
the D/A latch to OOO0H'This is the binary code that gives a 
null, or zero, at the output of the D/A in the bipolar mode. 
In the unipolar mode, activating CLR will cause the output 
to go to one-half of full scale. 


The maximum 
clock rate of the latches 
is lOMHz. 
The 


minimum 
time between 
write (WR) pulses for successive 
enables 
is 20ns. In the serial 
input mode 
(DAC708 
and 
DAC709), 
the maximum 
rate at which data can be clocked 
into the input shift register is lOMHz. 


The timing of the control signals is given in Figure 6. 


The DAC707 
interface timing is the same as that described 


above except instead of two 8-bit separately-enabled 
input 


latches, it has a single 16-bit input latch enabled by Ao' The 


LOGIC TIMING - Parallel 
or serial 
Data Input 
Over Temperature 
ns, mln 
"S, max 


80 
80 
80 
80 
o 


Data valid to end of WR 
CS valid to end of WR 
11;;",II;: A;'valid 
to end of WR 


Write pulse width 
Data hold after end of WR 


TIMING DIAGRAM 1--- 
'cw --II 
CS 
\ 


!"w 


A;. II;:A;' 
\ 
I 


rr== 


low--~ 
00-015. 
SI 
~ 


IoH----, 


WR 
\\\ 
I 


\,yp- 


D/A latch is enabled 
by AI' Also, there is no serial-input 


mode and no CHIP SELECT 
(CS) line. 


INSTAllATION 
CONSIDERATIONS 


Due to the extremely-high 
accuracy 
of the D/A converter, 


system 
design 
problems 
such 
as grounding 
and contact 


resistance 
become 
very important. 
For a 16-bit converter 


with a +lOV full-scale 
range, ILSB is 153~V. With a load 
current 
of 5mA, series wiring and connector 
resistance 
of 


only 30mn 
will cause the output to be in error by ILSB. To 


understand 
what this means in terms of a system layout, the 


resistance 
of typical 
I ounce 
copper-clad 
printed 
circuit 


board material 
is approximately 
l/2mn 
per square. 
Tn the 


example above, a 10 milliinch-wide 
conductor 60 milliinches 


long would cause a ILSB error. 
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Micro- 


Processor 
Interface 


,e.-- Alternate 
Ground 


.-' 
Sense 
Connection 


;' 
Ana~~c 
±Vcc 
/ 
Common 
Supply 


System 
-Vcc 


Ground 


FIGURE 
7. OAC707n09 
Bipolar Output Circuit (Voltage 
Out). 


Micro- 
Processor 
Interface 


R, 


,~ 
Alternate 
Ground 
Sense 
Connection 


, 
+ 
I 1~F 


/ 
System 
Ground 


+Vcc 


Analog 
±vcc 


Common 
Supply 
-Vcc 


Digital 
Common 
voo 
Supply 
voo 


FIGURE 
8. DAC708 Bipolar aUlput Circuit (with External 
OpAmp). 


In Figures 7 and 8, lead and contact resistances 
are repre- 


sented by R, through R,. As long as the load resistance 
RL 


is constant, 
R, simply introduces 
a gain error and can be 


removed with gain calibration. 
R, is part of RL if the output 
voltage is sensed at ANALOG 
COMMON. 


Figures 8 and 9 show two methods of connecting 
the current 
output model with an external precision output op amp. By 
sensing the output voltage at the load resistor (connecting R. 
to the output of the amplifier at RL) the effect of R, and R, 
is greatly reduced. R, will cause a gain error but is indepen- 
dent of the value of RL and can be eliminated 
by initial 


calibration 
adjustments. 
The effect of R, is negligible 
be- 


cause it is inside the feedback loop of the output op amp and 
is therefore greatly reduced by the loop gain. 


In many applications 
it is impractical 
to sense the output 
voltage at ANALOG 
COMMON. 
Sensing the output volt- 
age at the system ground point is permissible 
because these 


converters 
have separate 
analog and digital common 
lines 


and the analog return current 
is a near-constant 
2mA and 
varies by only 
lO~ 
to 20~ 
over the entire 
input code 
range. R. can be as large as 30 without adversely affecting 
the linearity of the 01A converter. 
The voltage drop across 


R. is constant and appears as a zero error that can be nulled 
with the zero calibration 
adjustment. 


Another approach senses the output at the load as shown in 
Figure 9. In this circuit the output voltage is sensed at the 
load common and not at the 01A converter common as in the 
previous circuits. The value of R. and R, must be adjusted 
for maximum common-mode 
rejection across RL• The effect 
of R. is negligible 
as explained 
previously. 


The 01A converter and the wiring to its connectors should be 
located to provide optimum 
isolation 
from sources of RFI 
and EM!. The key to elimination 
of RF radiation or pickup 
is small loop area. Signal leads and their return conductors 
should be kept close together such that they present a small 
flux-capture 
cross section for any external field. 


I 
R 
L 
Sense 
Output 


~ 


FIGURE 9. Alternate Connection 
for Ground Sensing at the 


Load (Current Output Models). 
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Burn-in screening 
is an option available 
for the 
DAC707. 
Burn-in 
duration 
is 160 hours 
at the temperature 
shown 
below (or equivalent 
combination 
of time and temperature). 


Model 
Temp. 
Range 
Burn-In 
Screening 


DAC707JP-BI 
O°C to 70°C 
lOO°C 
DAC707KP-BI 
ooe to 70°C 
lOO°C 
DAC707KH-BI 
-25°C 
to +85°C 
125°C 
DAC707BH-BI 
-25°C 
to +85°C 
125°C 
DAC707SH-BI 
-55°C 
to +125°C 
125°C 


All units are tested after burn-in to ensure that grade speci- 
fications 
are met. 


LOADING 
THE DAC709 
SERIALLY 
ACROSS 
AN ISOLATION 
BARRIER 


A very useful application 
of the DAC709 
is in achieving 
low-cost 
isolation 
that preserves 
high accuracy. 
Using the 
serial 
input feature 
of the input register 
pair, only three 


in a serial bit stream, MSB first. The WR input is used as a 
data strobe, clocking 
in each data bit. A RESET 
signal is 
provided 
for system startup and reset. These three signals 
are each optically 
isolated. 
Once the 16 bits of serial data 
have been strobed into the input register 
pair, the data is 
strobed through to the D/A register by the "carry" signal out 
of a 4-bit binary synchronous 
counter that has counted the 
16 WR pulses used to clock in the data. The circuit diagram 
is given in Figure 10. 


CONNECTING 
MULTIPLE 
DAC707s 
TO A 16-BIT 
MICROPROCESSOR 
BUS 


Figure 
II 
illustrates 
the method 
of connecting 
multiple 
DAC707s to a 16-bit microprocessor 
bus. The circuit shown 
3 


has two DAC707s 
and uses only one address line to select 
either the input register 
or the D/A register. 
An external 
address decoder selects the desired converter. 
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FIGURE 
10. Serial Loading of Electrically 
Isolated DAC708f709. 
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16-BIT DIGITAL-TO-ANALOG CONVERTER 
WITH 16-BIT BUS INTERFACE 


• 
HIGH-SPEED 
16-BIT PARALLEL 
DOUBLE- 
BUFFERED 
INTERFACE 


• 
VOLTAGE 
OUTPUT: ±10V 


• 
13-,14-, 
AND 15-BIT LINEARITY 
GRADES 


• 
15-BIT MONOTONIC 
OVER 


TEMPERATURE 
(K GRADE) 


• 
POWER DISSIPATION: 
600mW max 


• 
GAIN AND OFFSET ADJUST: 
Convenient 


for Auto-Cal 
D/A Converters 


• 
28-LEAD 
DIP AND SOIC PACKAGES 


DAC712 is a complete 16-bit resolution Df A converter. 


DAC712 
has a precision 
+IOV temperature 
compen- 
sated voltage 
reference, 
± tOv output 
amplifier 
and 
16-bit port bus interface. 


The digital interface is fast, 60ns minimum write pulse 
width, is double-buffered 
and has a CLEAR function 
that resets the analog output to bipolar zero. 


GAIN and OFFSET adjustment inputs are arranged so 
that they 
can be easily 
trimmed 
by external 
DfA 
converters 
as well as by potentiometers. 


DAC712 
is available 
in two linearity 
error perfor- 
mance 
grades: 
±4LSB 
DAC712P 
and V, ±2LSB 
DAC712PB, 
PK or VB, VK. DAC712 is specified 
at 
power supply voltages of ±12V and ±15V. 


DAC712 is packaged in a 28-pin 0.3" wide plastic DIP 
and 
in a 28-lead 
wide-body 
plastic 
SOIC. 
The 
DAC712P, V, PB, VB are specified over the -40°C 
to 
+85°C temperature 
range and the DAC712UK, 
PK are 
specified over the O°C to +70°C range. 


OB15 


Gain Adjust 
VREF 
OUT 
Bipolar Offset Adjust 
+10V 


International 
Airport 
Industrial 
Pari< 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, AZ85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, AZ 85706 
Tel: (520)746-1111 
• 
Twx: 910-952·1111 
• 
cable: 
BBRCORP 
• 
Telex: ~91 
• 
FAX: (520) 889-1510 
• 
Immediate Product Info: (800) 543-6132 
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DAC712P, U 
I 
DAC712PB, 
UB 
I 
DAC712PK, 
UK 
I 
PARAMETER 
I 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 


RESOLUTION 
16 
Bits 


DIGITAL INPUTS 
. 
J 
I 
Input Code 
Binary Two's Complement 
Logic Levels(l) 


V,H 
+2.0 
+Vcc-l.4 
V 
Vil 
0 
+0.8 
V 


I'H (V,: 
+2.7V) 
±10 
- 
. ; 
~A 
III (V, : +0.4V) 
±10 
~A 


TRANSFER 
CHARACTERISTICS 


ACCURACY 
Linearity Error 
±4 
±2 
±2 
LSB 
TMIN to TMAX 
I, 
±8 
±4 
±2 
LSB 
Differential Linearity Error 
±4 
±2 
±2 
LSB 
TM1N to TMA)C 
±8 
±4 
±2 
LSB 
Monotonicity 
Over Tamp 
13 
14 
15 
Bits 
Gain 
Error(3) 
±0.1 
±C.l 
% 


TMIN to TMAX 
±0.2 
±C.15 
% 


Bipolar Zero Error<3l 
±0.1 
% FSRI2} 


±20 
mV 


TM1N to TMAX 
±0.2 
±C.15 
%FSR 
±40 
±30 
mV 


Power Supply Sensitivity Of Full Scale: 
±0.OO3 
%FSRI% Vr;c 


±30 
ppm FSRI% Vr;c 


DYNAMIC 
PERFORMANCE 


Settling Time (to ±0.003%FSR, 
5killi 
500pF Load)") 


20V Output Step 
6 
10 
~ 


1 LSB Output Step'S} 
4 
~ 


Output Slew Rate 
10 
V/~ 


Total Harmonic Distortion + Noise 
OdB, 1001 Hz, Is: 
100kHz 
0.005 
% 


-2OdB, 1001 Hz, Is: 
100kHz 
0.03 
- I" 
% 


-l;OdB, 1001 Hz, Is: 
100kHz 
3.0 
% 


SINAD 
1001 Hz, Is = 100kHz 
87 
dB 
Digital FeedthroughlS} 
2 
nV-s 


Digital-to-Analog 
Glitch Impulse'S} 
15 
nV·s 


Output Noise Voltage (Includes Reference) 
120 
nV/-JHz 


ANALOG 
OUTPUT 
Output Voltage Range 
Wr;c, -Vcc: 
±ll.4V 
±10 
V 
Output Current 
±5 
mA 
Output Impedance 
0,1 
. 
Q 
Short Circuit to ACOM 
Duration 
Indefinite 


REFERENCE 
VOLTAGE 


Voltage 
+9.975 
+10.000 
+10.025 
V 


TM1N 
to TMA)( 
+9.960 
+10.040 
V 
Output Resistance 
1 
. 
Q 


Source Current 
2 
mA 
Short Circuit to ACOM, Duration 
Indefinite 


POWER SUPPLY 
REQUIREMENTS 


Voltage: +Vcc 
+11.4 
+15 
+16.5 
V 
-Vcc 
-11.4 
-15 
-16.5 
V 
Current (No Load, ±1 5V Supplies) 
+Vcc 
13 
15 
mA 
-Vec 
22 
25 
mA 
Power Dissipation(6) 
525 
600 
mW 


TEMPERATURE 
RANGES 


Specification 


All Grades 
-40 
+85 
0 
+70 
·C 
Storage 
-l;0 
-150 
·C 


Thermal Coefficient 
9JA 
DIP Package 
75 
·CIW 
SOIC Package 
75 
·elW 


·Specifications 
are the same as grade to the left. 


NOTES: (1) Digital inputs are TTL and +5V CMOS compatible over the specification temperature 
range. (2) FSR means Full Scale Range. For example, for a ±1 OV output, 


FSR ""20V. (3) Errors externally adjustable to zero. (4) Maximum represents the 3a limit. Not 100% tested forthis parameter. (5) For the worst case code changes: FFFFHEX 
to OOOOHEX 
and OOOOHEX 
to FFFFHEX. These are Binary Two's Complement 
(BTe) codes. (6) 
Typical supply voltages times maximum currents. 
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+Vcc to COMMON.. 
. 
. 
OV. +17V 
-Vcc to COMMON 
OV.-17V 
+Vcc to -Vcc... 
. 
34V 
Digital Inputs to COMMON. 
. 
-1V to +Ycc -<l.7V 
External Voltage Applied to SPO and Range Resistors 
±Vee 


VREFOUT 
••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Indefinite Short to COMMON 
VOUT 
•••••••••••••••••••••• 
•• •••••••••• 
indefinite Short to COMMON 
Power Dissipation 
750mW 
Storage Temperature. 
.. 
-60'C 
to +150'C 


Lead Temperature 
(soldering. 
10s) 
+300'C 


NOTE: Stresses 
above those listed under ~Absolute Maximum 
Ratings" 
may 


cause permanent damage to the device. Exposure to absolute maximum 


conditions 
for extended 
periods 
may affect device 
reliability. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


DAC712P 
Plastic DIP 
246 
DAC712U 
Piastic SOIC 
217 
DAC712PB 
Plastic DIP 
246 
DAC712UB 
Plastic SOIC 
217 


DAC712PK 
Plastic DIP 
246 


DAC712UK 
Plastic SOIC 
217 


LINEARITY 
TEMPERATURE 
ERROR MAX 


MODEL 
PACKAGE 
RANGE 
at +25°C 


DAC712P 
Plastic DIP 
-10°C 
to +85°C 
±4LSB 


DAC712U 
Plastic SOIC 
-40°C to +B5°C 
±4LSB 


DAC712PB 
Plastic DIP 
-40'C 
to +85'C 
±2LSB 


DAC712UB 
Plastic SOIC 
-40°C 
to +85°C 
±2LSB 
DAC712PK 
Plastic DIP 
DOC to +70°C 
±2LSB 
DAC712UK 
Plastic SOIC 
O'C to +70'C 
±2LSB 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


1---t'w-----tAH1r- 
_ 


~.A,~ 
I! 


OO-D15 
X 
~ 


--loH-- 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNITS 


low 
Data Valid to End of WR 
50 
ns 
tAW 
1\0. A, Valid to End of WR 
50 
ns 


tAH 
1\0. A, Hold after End of WR 
10 
ns 


tDH 
Data Hold after end of WR 
10 
ns 


twp(1) 
Write Pulse Width 
50 
ns 
tee 
CLEAR Pulse Width 
200 
ns 


Ao 
A, 
WR 
CLR 
DESCRIPTION 


0 
1 
1-+0-+1 
1 
Load Input Latch 
1 
0 
1-+0---+1 
1 
Load D/A Latch 
1 
1 
1~O-+1 
1 
No Change 
0 
0 
0 
1 
Latches Transparent 
X 
X 
1 
1 
No Change 
X 
X 
X 
0 
Reset D/A Latch 
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For Immediate Assistance, Contact YourLocal Salesperson 


PIN DESCRIPTIONS 


DCOM 
28 
LSB DO 


ACOM 
01 


VOUT 
02 


Offset Adjust 
03 


VREFOUT 
04 


Gain Adjust 
05 


+Vcc 
06 
DAC712 


-Vcc 
07 


CLR 
08 


WR 
09 


A, 
010 


~ 
011 


015 MSB 
012 


014 
14 
15 
013 


PIN 
LABEL 
DESCRIPTION 


1 
DCOM 
Power 
Supply 
return for digital 
currents. 


2 
ACOM 
Analog Supply Return. 


3 
VOIff 
±10V D/A Output. 


4 
Off Adj 
Offset Adjust (Bipolar). 


5 
VREF 
OUT 
Voltage 
Reference Output. 


6 
Gain Adj 
Gain Adjust. 


7 
+Vcc 
+12V to +15V Supply. 


8 
-Vec 
-12V 
to -15V 
Supply. 


9 
CLR 
CLEAR. Sets D/A output to BIPOLAR 
ZERO 


- 
(Active Low). 


10 
WR 
Write (Active Low). 


11 
A, 
Enable for D/A latch (Active Low). 


12 
7iO 
Enable for Input latch (Active Low). 


13 
015 
Data Bit 15 (Most Significant 
Bit). 


14 
014 
Data Bit 14. 


15 
013 
Data Bit 13. 


16 
012 
Data Bit 12. 


17 
011 
Data Bit 11. 


18 
010 
Data Bit 10. 


19 
09 
Data Bit 9. 


20 
08 
Data Bit 8. 
21 
07 
Data Bit 7. 


22 
06 
Data Bit 6. 
23 
05 
Data Bit 5. 


24 
04 
Data Bit 4. 
25 
03 
Data Bit 3. 
26 
02 
Data Bit 2. 
27 
01 
Data Bit 1. 


28 
DO 
Data Bit 0 (Least Significant 
Bit). 


The information 
provided 
herein is believed to be reliable; however, 
BURR~BROWN assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use at such information 
shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 


without notice. No patent rights or licenses to any aftha 
circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR·BROWN 
product for use in life support devices 
and/or 
systems. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES 


'Qi' 
lk 
~ 
0> 
.?:- 
0. 
100 
0."- 
~~ 
~fe 
10 
"'- 
.<: 
0 
U 
E 
$:0. 
558 
u. 


<: 


<I> 
'" 
<: 
.J!! 
2. 


2500 


2000 


1500 
~ 
1000 
> 
500 
0 
'+ 
0 
§ 
-500 
e« 
-1000 
<I 


-1500 


-2000 


-2500 


I 


....... 
.r--- 
tV 


1000 


+5V I'" 
-{JV ;: 
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DATA/ 
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~ 
" 
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0 
0.85 
1.7 
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5.95 
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V Digital Input 


I 


1\ 
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+5V 
~ 


OV I~ 


Linearity 
error is defined 
as the deviation 
of the analog 
output from a straight line drawn between the end points of 
the transfer characteristic. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
linearity 
error 
(DLE) 
is the 
deviation 
from 
lLSB 
of an output change 
from one adjacent 
state to the 
next. A DLE specification 
of ± I/2LSB means that the output 


step size can range from I/2LSB to 3/2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -ILSB, 
the D/A is 
said to be monotonic. 


A D/A converter 
is monotonic 
if the output either increases 
or remains 
the same 
for increasing 
digital 
input values. 


Monotonicity 
of DAC712 is guaranteed 
over the specifica- 
tion temperature 
range to 13-, 14-, and IS bits for perfor- 
mance 
grades 
DAC712P/U, 
DAC712PB/UB, 
and 
DAC712PKjUK, 
respectively. 


SETILING 
TIME 


Settling time is the total time (including 
slew time) for the 
D/A output to settle to within an error band around its final 
value after a change in input. Settling times are specified to 
within ±O.OO3% of Full Scale Range (FSR) for an output 
step change of 20V and ILSB. The lLSB 
change is mea- 
sured at the Major Carry (FFFFHEXto OOOOHEX'and OOOOHEX 
to FFFFHEX: BTC 
codes), 
the input 
transition 
at which 
worst -case settling time occurs. 


TOTAL 
HARMONIC 
DISTORTION 
+ NOISE 


Total harmonic 
distortion 
+ noise is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics 
and noise to the value of the fundamental 
fre- 
quency. It is expressed 
in % of the fundamental 
frequency 
amplitude 
at sampling 
rate fs. 


SIGNAL- TO-NOISE 
AND DISTORTION 
RATIO (SINAD) 


SIN AD includes all the harmonic 
and outstanding 
spurious 


components 
in the 
definition 
of output 
noise 
power 
in 
addition 
to quantizing 
and internal 
random 
noise power. 


SINAD is expressed in dB at a specified input frequency and 
sampling rate, fs. 


DIGITAL-TO-ANALOG 
GLITCH 
IMPULSE 


The amount of charge injected into the analog output from 
the digital inputs when the inputs change state. It is mea- 
sured at half scale at the input codes 
where as many as 


possible switches change state-from 
7FFFHEXto 8000HEX' 


DAC712 
is a monolithic 
integrated-circuit 
16-bit D/A con- 
verter complete 
with l6-bit 
D/A switches 
and ladder net- 
work, voltage reference, output amplifier and microproces- 
sor bus interface. 


INTERFACE 
LOGIC 


DAC712 
has double-buffered 
data latches. The input data 


latch holds a 16-bit data word before 
loading 
it into the 
second latch, the D/A latch. This double-buffered 
organiza- 
tion permits simultaneous 
update of several D/A converters. 
All digital 
control 
inputs 
are active 
low. Refer 
to block 
diagram of Figure I. 


All latches are level-triggered. 
Data present when the enable 


inputs are logic "0" will enter the latch. When the enable 
inputs return to logic "I", 
the data is latched. 


The CLR input resets both the input latch and the D/A latch 
to give a bipolar zero output. 


LOGIC 
INPUT COMPATIBILITY 


DAC712 digital inputs are TIL compatible 
(lAV 
switching 


level) with low leakage, 
high impedance 
inputs. Thus the 


inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS logic. An equivalent 
circuit of a digital 
input is shown in Figure 2. 


Data inputs will float to logic "0" and control 
inputs will 
float to logic "0" if left unconnected. 
It is recommended 
that 


any unused inputs be connected 
to DCOM to improve noise 


immunity. 


Digital inputs remain high impedance 
when power is off. 


DAC7l2 
is designed 
to accept positive-true 
binary 
two's 


complement 
(BTC) input codes which are compatible 
with 
bipolar analog output operation. 
For bipolar analog output 


configuration, 
a digital input of 7FFFHEX gives a plus full 


scale output, 8000HEX gives a minus full scale output, and 
~EX 
gives bipolar zero output. 


INTERNAL 
REFERENCE 


DAC712 
contains a +IOV reference. 


The reference 
output may be used to drive external 
loads, 


sourcing 
up to 2mA. The load current should be constant, 


otherwise 
the gain and bipolar offset of the converter 
will 


vary. 
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+VCC 
ESO Protection 
Circuit 
,/ 
---- 


, 
R = lk: A", A" 
WR, 
CLR 


3k: °0...015 


// 
Range of 
/ / 
/ / 
Gain Adjust 
, , 
)(////// 
T .. 
±O.3% 


/)t 
// 


Full Scale 
/ 
/ //)( 


Range 
////// 
Gain Adjust 


////// 
Rotates the line 
,,, 
'.' 
//,; /\' 


Bipolar 
/ / 


Offset 
~"/ 
~~:r~no~" 
~~ 


RangeOf/1 


Offset Adjust 


Offset Adj.l- 
Tr~~:I~:~: 
T 


• 
±0.3% 


+ Full Scale ...-.... T 


lLSB 


All Bits 
Logic 0 
\-+-H 


~5PF 


FIGURE 
2. Equivalent 
Circuit of Digital Inputs. 


OUTPUT 
VOLTAGE 
SWING 


The output amplifier 
of DAC7l2 
is committed 
to a ±IOV 
output range. DAC712 
will provide 
a ±IOV output swing 
while operating 
on ±11.4V or higher voltage supplies. 


;-FUII5cale 


Digital 
Input 


GAIN AND OFFSET 
ADJUSTMENTS 


Figure 3 illustrates the relationship 
of offset and gain adjust- 


ments for a bipolar connected 
D/A converter. Offset should 


be adjusted 
first to avoid interaction 
of adjustments. 
See 
Table I for calibration 
values and codes. These adjustments 
have a minimum 
range of ±O.3%. 


Offset Adjustment 
Apply the digital input code that produces 
the maximum 


negative output voltage and adjust the offset potentiometer 
or the offset adjust D/A converter 
for -IOV. 
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Bipolar 
Offset 
Adjust 


DAC712 
CALIBRATION 
VALUES 
1 LEAST SIGNIFICANT 
BIT = 3051lV 


DIGITAL 
INPUT CODE 
ANALOG 
BINARY 
TWO'S 
OUTPUT 
COMPLEMENT, 
BTC 
(V) 
DESCRIPTION 


7FFFH 
+9.999695 
+ Full Scale -1 LSB 
I 
4oo0H 
+5.000000 
3/4 scale 


1 


0001H 
+0.000305 
BPZ + 1LSB 


OOOOH 
0.000000 
Bipolar Zero (BPZ) 


FFFFH 
-0.000305 
BPZ -1LSB 


1 


COOOH 
-5.000000 
1/4 Scale 


I 
8000H 
-10.00000 
Minus Full scale 


TABLE I. Digital Input and Analog Output Voltage Calibra- 
tion Values. 


Gain Adjustment 


Apply the digital 
input that gives the maximum 
positive 
voltage output. 
Adjust the gain potentiometer 
or the gain 
adjust D/A converter 
for this positive full scale voltage. 


Due to the high-accuracy 
of these D/A converters, 
system 
design problems 
such as grounding 
and contact resistance 
become very important. A 16-bit converter with a 20V full- 
scale range has a ILSB value of 3051lV. With a load current 
of 5mA, 
series 
wiring 
and connector 
resistance 
of only 
60mn 
will cause a voltage drop of 300IlV. To understand 
what this means in terms of a system layout, the resistivity 
of a typical I ounce copper-clad 
printed circuit board is 1/2 
mn per square. For a 5mA load, a 10 milli-inch wide printed 
circuit conductor 60 milli-inches 
long will result in a voltage 
drop of 15011V. 


The analog output of DAC712 
has an LSB size of 3051lV 
(-96dB). 
The noise floor of the D/A must remain below this 
level in the frequency range of interest. The DAC712' s noise 
spectral density (which includes the noise contributed by the 
internal 
reference,) 
is shown 
in the Typical 
Performance 
Curves section. 


Wiring to high-resolution 
D/A converters 
should be routed 
to provide optimum isolation from sources of RFI and EMI. 
The key to elimination 
of RF radiation 
or pickup is small 
loop area. Signal leads and their return conductors should be 
kept close together 
such that they present a small capture 
cross-section 
for any external field. Wire-wrap 
construction 
is not recommended. 


POWER 
SUPPLY 
AND 
REFERENCE 
CONNECTIONS 


Power 
supply 
decoupling 
capacitors 
should 
be added 
as 
shown in Figure 4. Best performance 
occurs using a I to 
101JF tantalum 
capacitor 
at -Vee. 
Applications 
with less 


critical settling time may be able to use 0.011JF at -Vee 
as 
well as at +Vee' The capacitors 
should be located close to 
the package. 


DAC712 has separate ANALOG COMMON 
and DIGITAL 
COMMON 
pins. The current 
through 
DCOM 
is mostly 
switching 
transients 
and are up to ImA peak in amplitude. 
The current through ACOM is typically 51lA for all codes. 


Use separate analog and digital ground planes with a single 
interconnection 
point to minimize ground loops. The analog 
pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible 
from digital 
signals and should cross them at 
right angles. A solid analog ground plane around the D/A 
package, as well as under it in the vicinity of the analog and 
power 
supply 
pins, 
will isolate 
the D/A from switching 
currents. 
It is recommended 
that DCOM 
and ACOM 
be 
connected 
directly to the ground planes under the package. 


If several DAC712s 
are used or if DAC712 shares supplies 
with other components, 
connecting 
the ACOM and DCOM 
lines to together 
once at the power supplies 
rather than at 
each chip may give better results. 


Since the reference 
point for VoUT and VREF OUTis the 
ACOM pin, it is important to connect the D/A converter load 
directly to the ACOM pin. Refer to Figure 5. 


Lead and contact resistances 
are represented 
by R I through 
R3. As long as the load resistance RL is constant, R1 simply 
introduces 
a gain error and can be removed by gain adjust- 
ment of the D/A or system-wide 
gain calibration. 
Rz is part 
of RL if the output voltage is sensed at ACOM. 


In some applications 
it is impractical to return the load to the 
ACOM pin of the D/A converter. Sensing the output voltage 
at the SYSTEM 
GROUND 
point 
is reasonable, 
because 
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there is no change in DAC712 ACOM current, provided that 
R3 is a low-resistance 
ground plane or conductor. In this case 
you may wish to connect DCOM to SYSTEM GROUND as 
well. 


GAIN AND OFFSET 
ADJUST 


Connections 
Using Potentiometers 


GAIN 
and OFFSET 
adjust 
pins 
provide 
for trim 
using 
external potentiometers. 
IS-turn potentiometers 
provide suf- 
ficient resolution. 
Range of adjustment 
of these trims is at 
least ±O.3% of Full Scale Range. Refer to Figure 6. 


Using D/A Converters 


The 
GAIN 
ADJUST 
and OFFSET 
ADJUST 
circuits 
of 


DAC7l2 
have been arranged 
so that these points may be 


easily driven by external D/A converters. 
Refer to Figure 7. 


l2-bit D/A converters provide an OFFSET adjust resolution 
and a GAIN adjust resolution 
of 3011V to SOIlV per LSB 
step. 


DAC712 has 16-bit double-buffered 
data bus interface with 
control lines for easy interface to interface to a l6-bit bUS._ 
The double-buffered 
feature permits update of several D/As 
simultaneously. 


ena:w 
~a:w>zoo 
e,:,o 
..J 
<r:Z 
<r: 
I 


~..J 
i5 
e,:, 
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Nominal values of GAIN and OFFSET occur when the D/A 
converters 
outputs are at approximately 
half scale, +SV. 


OUTPUT 
VOLTAGE 
RANGE 
CONNECTIONS 


The DAC712 output amplifier is connected internally for the 
± JOV bipolar (20V) output range. That is, the bipolar offset 
resistor is connected to an internal reference voltage and the 
20V range resistor is connected internally to VOUT• DAC7l2 
cannot be connected 
by the user for unipolar operation. 


Analog 
Power 
Supply 


BURR-BROWNe 
1~E3'1 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


diagram of Figure 
I and to Timing Diagram on page 3. 


CLR sets the INPUT 
DATA LATCH 
to all zero and the 
D/A LATCH 
to a code that gives bipolar OV at the D/A 
output. 


SINGLE-BUFFERED 
OPERATION 


To operate the DAC712 interface as a single-buffered 
latch, 
the 
DATA 
INPUT 
LATCH 
is permanently 
enabled 
by 
connecting 
Ao to DCOM. 
If AI is not used to enable the 


TRANSPARENT 
INTERFACE 


The digital interface of the DAC712 can be made transpar- 
ent by asserting Ao, AI' and WR LOW, and asserting CLR 
HIGH. 


For no external adjustments, pins 4 and 6 are not connected. 
External resistors R1 
• 
R.• are standard ±1% 
values. Range of 


adjustment at least ±O.3% FSR. 
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I 
I 
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I 
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I 
DAC712 
I 
1 
I 


For no external 
adjustments, 
pins 4 and 6 are not connected. 
External 
resistors R1 
~ R. tolerance: 
±1%. Range 
of adjustment 
at 


least ±O.3% 
FSR. 


+10V 
10kn 


R, 
R, 


340n 
500n 
10kn 


-10V 


Suggested 
Op Amps 
OPA177GP, 
GS or 


5kn 
OPA604AP, 
AU 


R, 
R, 


20kn 
10kn 


Oto 10V 


Suggested 
Op Amps 
OPAl77GP, 
GS: Single or 
-:- 


OPA2604AP, 
AU: Dual 


Oto+l0V 


Suggested 
D/As 
CMOS 
DAC7S00: Dual: Serial Input, 12-bit Resolution 
DAC7S01: Dual: S-bit POr1lnput, 12-bit Resolution 
DAC7S02: Dual: 12-bit POr1lnput, 12-bit Resolution 
DAC752S: Dual: S-bit POr1lnput, S-bit Resolution 
DAC7545: Dual: 12-bit Por1lnput, 
12-bit Resolution 
DACS043: Single: Serial Input, 12-bit Resolution 
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16-Bit DIGITAL- TO-ANALOG 
CONVERTER 
With Serial Data Interface 


FEATURES: 


• 
SERIAL 
DIGITAL 
INTERFACE 


• 
VOLTAGE 
OUTPUT: 
±10V, ±5V, 0 to +10V 


• 
±1 LSB INTEGRAL 
LINEARITY 


• 
16-BIT MONOTONIC 
OVER TEMPERATURE 


• 
PRECISION 
INTERNAL 
REFERENCE 


• 
LOW NOISE: 120nVl,lHz 
Including 
Reference 


• 
16-LEAD PLASTIC AND CERAMIC SKINNY 
DIP AND PLASTIC SOIC PACKAGES 


DAC714 
is a complete 
monolithic 
D/A converter. 
A 
precision 
+JOy 
temperature 
compensated 
voltage 
reference, ±JOy voltage 
output 
amplifier 
and serial 
interface. 


The serial digital interface is fast, 50ns max minimum 
write pulse width, and has a RESET function. 


GAIN 
and BIPOLAR 
OFFSET 
adjustment 
are ar- 
ranged 
so that 
they 
can 
be 
set by external 
Df A 
converters 
as well as by potentiometers. 


DAC714 
is packaged 
in a 16-pin plastic and ceramic 
skinny-DIP 
and in a 16-lead wide-body plastic SOle. 


The DAC714P, D, HB, and HC are specified over the 
-40°C 
to 
+85°C 
range 
and 
the 
DAC714HL 
is 
specified 
over the O°C to +70°C range. 
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DAC714P. 
U 
DAC714HB 
DAC714HC 
DAC714HL 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TRANSFER 
CHARACTERISTICS 


ACCURACY 


Unearity 
Error 
±4 
±2 
±1 
±1 
LSB 


Tl.l1N to Tw.x 
±8 
±4 
±2 
±2 
LSB 


Differential 
linearity 
Error 
±4 
±2 
±1 
±1 
LSB 
'l:t 


Tl.l1N to TMA,X 
±8 
±4 
±2 
±1 
LSB 
'I"'" 


Manatonicily 
14 
15 
16 
16 
Bi1s 
1'0 


Manatonicily 
Over Spec Temp Range 
13 
14 
15 
16 
B~s 
0 
Gain Erro~3) 
±0.1 
±0.1 
±O.1 
±O.l 
% 
c( 


TMlNtoTMA)( 
±O.25 
±O.25 
±O.25 
±O.25 
% 


UnipoiarlBipolar 
Zero Eno~3} 
±0.1 
±0.1 
±O.l 
±O.1 
%01 FSRI2l 
C 


T••IN to TMA)( 
±0.2 
±O.2 
±O.2 
±O.2 
% of FSR 


Power Supply Sensitivity 
of Gain 
±O.OO3 
±O.OO3 
±O.OO3 
±O.003 
%FS~Vcc 


±30 
±30 
±30 
±30 
ppm FS~Vcc 


DYNAMIC 
PERFORMANCE 


Sellfing Time 


(10±O.OO3%FSR. 5kn 11500pF Load)") 
en 
20V Oulput Step 
6 
10 
6 
10 
6 
10 
6 
10 
J1S 
1LSB Output Ste,,'} 
4 
4 
4 
4 
~s 
a:: 


Outpul Slew Rate 
10 
10 
10 
10 
VI~s 
W 


Total Harmonic 
Distortion 
I- 


OdB, 1001Hz, Is: 
100kHz 
0.005 
0.005 
0.005 
0.005 
% 
a:: 
-2OdB, 
1001 Hz, 's • lOOl<Hz 
0.03 
0.03 
0.03 
0.03 
% 
W 
-GOdB, 1001 Hz, fs : 100kHz 
3.0 
3.0 
3.0 
3.0 
% 
SINAD: 1001 Hz, Is • 100l<Hz 
87 
87 
87 
87 
dB 
> 


Digital Feedthroughl~ 
2 
2 
2 
2 
nV-s 
Z 


DigMI-to-AnaJog 
GI~ch Impulsel~ 
15 
15 
15 
15 
nV-s 
0 
Output Noise Vonago (includes relerence) 
120 
120 
120 
120 
nVNHz 


ANALOG 
OUTPUT 
0 


Outpul Vonage Range 
e,:, 


.vcc. 
-Vcc '" ±11.4V 
±10 
±10 
±10 
±10 
V 
0 
Oulput Cunent 
±5 
±5 
±5 
±5 
mA 
Oulput Impedance 
0.1 
0.1 
0.1 
0.1 
Q 
....I 


Short Circuillo 
ACOM Duration 
Indefinite 
Indefinite 
Indefinite 
Indefinite 
c( 


REFERENCE 
VOLTAGE 
Z 
Vonage 
+9.975 
+10.000 
+10.025 
+9.975 
+10.000 
+10.025 
+9.975 
+10.000 
+10.025 
+9.975 
+10.000 
+10.025 
V 
c( 
T•.•1oI10 TLIAX 
+9.960 
+10.040 
+9.960 
+10.040 
+9.960 
+10.040 
+9.960 
+10.040 
V 
I 
Oulput Resistance 
1 
1 
1 
1 
Q 
0 
Source 
Current 
2 
2 
2 
2 
mA 
Short Circuit to ACOM Duration 
Indefinite 
Indefinite 
Indefin~e 
Indefinite 
l- 


I 
INTERFACE 
....I 


RESOLUTION 


I 


16 
I 
I 
I 


16 


I 
I 
I 


16 
I 
I 
I 


16 


I 


B~s 


~ 
DIGITAL 
INPUTS 


Sena} Data Input Code 
Log~ Levelst'} 
Binary Two's Complement 
£! 
V" 
+2.0 
(VCC-1.4) 
+2.0 
(VCC-1.4) 
+2.0 
(VCC-1.4) 
+2.0 
(VCC-1.4) 
V 
C 
VL 
0 
+0.8 
0 
+0.8 
0 
+0.8 
0 
+0.8 
V 


I'H (V, = +2.7V) 
±10 
±10 
±10 
±10 
~ 
ill (V, : +0.4V) 
±10 
±10 
±10 
±10 
~ 


DIGITAL 
OUTPUT 


SoMal Data 


VOL(I"NK' 
1.6mA) 
0 
+0.4 
0 
+0.4 
0 
+0.4 
0 
+0.4 
V 


VOH(ISOORC'= 5OO~),T"'N 
10 T""" 
+2.4 
+5 
+2.4 
+5 
+2.4 
+5 
+2.4 
+5 
V 


POWER SUPPLY 
REQUIREMENTS 


Von-go 


+Vcc 
+11.4 
+15 
+16.5 
+11.4 
+15 
+16.5 
+11.4 
+15 
+16.5 
+11.4 
+15 
+16.5 
V 


-Vcc 
-11.4 
-15 
-16.5 
-11.4 
-15 
-16.5 
-11.4 
-15 
-16.5 
-11.4 
-15 
-16.5 
V 


Cunent 
(No Load, ±15V Supplies)!'} 


+Vcc 
13 
16 
13 
16 
13 
16 
13 
16 
mA 
-Vcc 
22 
26 
22 
26 
22 
26 
22 
26 
mA 
Power 
DissipationC7l 
625 
625 
625 
625 
mW 


TEMPERATURE 
RANGES 


Specification 


All Grades 
-40 
+85 
-40 
+85 
-40 
+85 
0 
+70 
·C 


Storage 
~ 
.150 
-60 
.150 
-60 
+150 
-jj() 
+150 
·C 


Thennal 
Coelflcienl, 
9", 
75 
75 
75 
75 
·cm 


NOTES: (I) Digilal inputs are ITL and +5V CMOS compalible 
over the specificalion 
temperature 
range. (2) FSR means Full Scale Range. For example, lor±10Voulpul, 
FSR = 20V. (3) Errors externally adjustable 


10 zero. (4) Maximum represenls 
the 3<J}im~. Not 100% lested lor tIIis parameter. 
(5) For tile worsl-case 
Binary Two's Complement 
code changes: FFFFHEX10 OOOOHEXand OOOOHEX10 FFFFHEJ(.(6) Dunng power 


supply turn on, the transient 
supply current 
may approach 
3x the maximum 
quiescent 
specification. 
(7) Typical 
(i.e. rated) 
suppty vohages 
times maximum 
currents. 
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CLK 
16 
CLR 


II;, 


A, 


SDI 
Offset Adjust 


DAC714 


SDO 
VREFOUT 


DCOM 
RBPO 


+Vcc 
RFB2 


ACOM 
8 
Vour 


A 
ELECTROSTATIC 
J.J.».. DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 


formance 
degradation 
to complete 
device 
failure. 
Burr- 


Brown Corporation 
recommends 
that all integrated 
circuits 
be handled 
and stored 
using appropriate 
ESD protection 


methods. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated circuits 
may be more 
susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


+Vcc 
to Common 
OV to +17V 


-vcc to Common 
ov to -17V 
+Vcc to -Vcc 
34V 
ACOM to DCOM 
±0.5V 
Digital Inputs to Common 
-lV 
to (Vcc 4l.7V) 
External 
Voltage 
Applied 
to SPO and Range 
Resistors 
±Vcc 


VREFOUT 
Indefinite 
Short to Common 
VOUT 
Indefinite 
Short to Common 


SOD 
Indefinite 
Short to Common 


Power 
Dissipation 
. 
. 
750mW 


Storage 
Temperature 
-60°C 
to + 150°C 


Lead Temperature 
(soldering, 
10s) 
+3000C 


NOTE: 
(1) Stresses 
above 
those 
listed 
under 
-Absolute 
Maximum 
Ratings· 


may cause 
permanent 
damage 
to the device. 
Exposure 
to absolute 
maximum 
conditions 
for extended 
periods 
may affect device 
reliability. 


1 
CLK 
Serial Data Clock 


2 
Ii;; 
Enable for Input Register (Active Low) 


3 
II; 
Enable for D/A Latch (Active Low) 


4 
SDI 
Serial 
Data Input 


5 
SDO 
Serial Data Output 


6 
DCOM 
Digital Supply Ground 


7 
+Vcc 
Positive 
Power Supply 


8 
ACOM 
Analog Supply Ground 


9 
Your 
D/AOutput 


10 
RFB2 
±10V Range Feedback Output 


11 
RaPO 
Bipolar Offset 


12 
VREFOUT 
Vottage 
Reference 
Output 


13 
Offset Adjust 
Offset Adjust 


14 
Gain Adjust 
Gain Adjust 


15 
-Vcc 
Negative Power Supply 


16 
CLR 
Clear 


LINEARITY 
ERROR 
TEMPERATURE 
MODEL 
PACKAGE 
max at +25°C 
RANGE 


DAC714P 
Plastic DIP 
±4 LSB 
--40·C to +85·C 


DAC714U 
Plastic SOIC 
±4 LSB 
--40·C to +85·C 
DAC714HB 
Ceramic 
DIP 
±2 LSB 
--40·C to +85·C 
DAC714HC 
Ceramic 
DIP 
±1 LSB 
--40·C to +85"C 


DAC714HL 
Ceramic 
DIP 
±1 LSB 
O·C to +70·C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERl') 


DAC714P 
Plastic DIP 
180 


DAC714U 
Plastic SOIC 
211 
DAC714H 
Ceramic 
DIP 
129 


The information 
provided herein is believed to be reliable; however, 
BURR·BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR· BROWN product for use in life support devices 
and/or systems. 


BURR· 
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SYMBOL 
PARAMETER 
MIN 
MAX 
UNITS 


leLK 
Data Clock Period 
100 
ns 


tCl 
Clock LOW 
50 
ns 


leH 
Clock HIGH 
50 
ns 
tAOs 
Setup Time for Ii;; 
50 
ns 


tA1S 
Setup 
Time for ~ 
50 
ns 


tACH 
Hold Time for Ii;; 
0 
ns 


IA1H 
Hold Time for A; 
0 
ns 
tDS 
Setup Time for DATA 
50 
ns 
tDH 
Hold Time for DATA 
10 
ns 


tosop 
Output Propagation 
Delay 
140 
ns 


tcp 
Clear Pulsewidth 
200 
ns 


0 
1 
1--+0--+1 
1 
Shift Serial Data into SOl 


1 
0 
1--+0--+1 
1 
Load 01A Latch 


1 
1 
1--+0--+1 
1 
No Change 


0 
0 
1--+0--+1 
1 
Two 
Wire 
Operation(1) 


X 
X 
1 
1 
No Change 


X 
X 
X 
0 
Reset DIA Latch 


NOTES: X : 
Don't Care. (1) All digital input changes 
will appear at the 


output. 


Latch Data 
A, 
In DIA Latch 


Serial Data Out 
.•••• 
----~ 
SOO 
015 
D'4------· 
Do 


---.. 
tosop 
- 
- 
tosop 
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For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES 


1k 
10k 


Frequency (Hz) 


± FULL SCALE OUTPUT SWING 
2500 


2000 


1500 


10 
::;- 
1000 
..;; 
> 
500 
~ 
0'I 
0 
~ 
§ 
:? 
E 
-500 
« 
-1000 
<:l 


-1500 


-10 
-2000 


-2500 


Time (1O~sldiv) 


2500 


2000 


1500 


::;- 
1000 
..;; 
> 
500 
0 
'+ 
0 
-g 
:> 
-500 
E« 
-1000 
<:l 


-1500 


-2000 


-2500 


I 
I 


I 
I 


I~ 


v-.. 


VV 


+5V leI: 


-{JV 
~ 


I 
I 
I 
I 
I 
-l_ 


~'io.Al 


~ 
CLR 


DATA/ 


. 


+sv 
~ 


OV I~ 
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1.0 
~ 


:>f 
~ 
'"is- 
-1.0 


-2.0 


-{J.85 
0 
0.85 
1.7 
2.55 
3.4 
4.25 
5.1 
5.95 
6.8 


V Digital Input 


I 
I 


I 
I 


I 
\ 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


DISCUSSION OF 
SPECIFICATIONS 


Linearity 
error is defmed 
as the deviation 
of the analog 
output from a straight line drawn between the end points of 
the transfer characteristic. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
linearity 
error 
(DLE) 
is the deviation 
from 
ILSB of an output change from one adjacent 
state to the 


next. A DLE specification 
of±l/2LSB 
means that the output 


step size can range from I/2LSB to 3/2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -ILSB, 
the D/A is 
said to be monotonic. 


A D/A converter is monotonic 
if the output either increases 
or remains 
the same for increasing 
digital 
input 
values. 


Monotonicity 
of DAC714 is guaranteed 
over the specifica- 
tion temperature 
range to 16 bits. 


SETTLING 
TIME 


Settling time is the total time (including 
slew time) for the 


D/A output to settle to within an error band around its final 
value after a change in input. Settling times are specified to 
within ±O.OO3% of Full Scale Range 
(FSR) for an output 


step change of 20V and lLSB. 
The lLSB 
change is mea- 


sured at the Major Carry (FFFFHEXto OOOOHEX'and ~x 
to FFFFHEx: BTC codes), 
the input 
transition 
at which 
worst-case 
settling time occurs. 


TOTAL HARMONIC 
DISTORTION 
+ NOISE 


Total harmonic 
distortion 
+ noise is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics 
and noise to the value of the fundamental 
fre- 


quency. It is expressed 
in % of the fundamental 
frequency 
amplitude 
at sampling rate fs. 


SIGNAL-TO-NOISE 
AND DISTORTION 
RATIO (SINAD) 


SINAD includes all the harmonic and outstanding 
spurious 
components 
in the 
definition 
of output 
noise 
power 
in 


addition 
to quantizing 
and internal 
random 
noise power. 


SINAD is expressed in dB at a specified input frequency and 
sampling 
rate, fs. 


DIGITAL-TO-ANALOG 
GLITCH 
IMPULSE 


The amount of charge injected into the analog output from 
the digital inputs when the inputs change state. It is mea· 
sured at half scale at the input codes where 
as many as 


possible switches change state-from 
OOOOHEXto FFFFHEX' 


When the AID is not selected, high frequency 
logic activity 


on the digital inputs is coupled through the device and shows 
up as output noise. This noise is digital feedthrough. 


DAC7l4 
is a monolithic 
integrated-circuit 
16-bit D/A con· 
verter complete 
with 16-bit D/A switches 
and ladder net- 


work, voltage reference, 
output amplifier and a serial inter- 
face. 


DAC714 
has double-buffered 
data latches. The input data 


latch holds a 16-bit data word before 
loading 
it intothe_ 


second latch, the D/A latch. This double-buffered 
organiza- 


tion permits simultaneous 
update of several D/A converters. 
All digital 
control 
inputs 
are active 
low. Refer 
to block 


diagram of Figure 
I. 


All latches are level-triggered. 
Data present when the enable 


inputs are logic "0" will enter the latch. When the enable 
inputs return to logic" 
I", the data is latched. 


The CLR input resets both the input latch and the D/A latch 
to give a bipolar zero output. 


LOGIC INPUT COMPATIBILITY 


DAC714 digital inputs are ITL compatible 
(IAV switching 


level) with low leakage, 
high impedance 
inputs. Thus the 


inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS logic. An equivalent 
circuit of a digital 


input is shown in Figure 2. 


Data inputs will float to logic "0" and control 
inputs will 


float to logic "0" if left unconnected. 
It is recommended 
that 


any unused inputs be connected to DCOM to improve noise 
immunity. 


Digital inputs remain high impedance 
when power is off. 


INPUT CODING 


DAC714 
is designed 
to accept 
positive-true 
binary 
two's 


complement 
(BTC) input codes with the MSB first which 
are compatible 
with bipolar 
analog output 
operation. 
For 


bipolar 
analog 
output 
configuration, 
a digital 
input 
of 


7FFFHEX produces 
a plus full scale output, 
8000HEX pro- 


duces 
a minus 
full scale output, 
and OOOOHEXproduces 


bipolar zero output. 


INTERNAL 
REFERENCE 


DAC714 contains a +IOV reference. 


The reference output may be used to drive external loads, 
sourcing up to 2mA. The load current should be constant, 
otherwise the gain and bipolar offset of the converter will vary. 
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+Vcc 
ESD Protection Circuit 
,/ 
---- 
, 
R: 
1k: Ao, A" 
CLK, CLR 


3k:°0.•. 0" 


~5PF 


FIGURE 
2. Equivalent 
Circuit of Digital Inputs. 


" 
Range of 
,,' 
", 
Gain Adjust 
)(,"", 
T -±O.3% 


" )( " 
All Bits 
FullScale 
, 
',')( 


Logic 
0 
Range 
/,',' 
Gain Adjust 


~ 


,',',' 
Rotates 
the 
Line 
,,, 


I 
:' 
H-+-1 


Blpolarl 
/: 
" 
\ 
\ 
Offset ,,,,~' 
MSB on All 
All Bits 


I.: 
~' 
OthersOff 
Logic1 


Range of 
1~~ 


OffsetAdJust/ 
1 
/- 
FullScale 
OffselAd) l 
Tr~~;I~:~: 
T 
- 
DigitalInput 


•• ±O.3% 


+ FullScale ---. T 


1lSB 


OUTPUT VOLTAGE 
SWING 


The output amplifier 
of DAC714 
is designed 
to achieve a 
±lOV output range. DAC7l4 
will provide 
a ±lOV output 
swing while operating on ±ll.4V 
or higher voltage supplies. 


GAIN AND OFFSET ADJUSTMENTS 


Figure 3 illustrates the relationship 
of offset and gain adjust- 
ments for a bipolar connected DIA converter. 
Offset should 
be adjusted 
first to avoid interaction 
of adjustments. 
See 
Table 1 for calibration 
values and codes. These adjustments 


have a minimum 
range of ±O.3%. 


Offset Adjustment 
Apply the digital input code, 8000H, that produces the maxi- 
mum negative output voltage and adjust the offset potentiometer 
or the offset adjust D/A converter for -IOV (or OV unipolar). 


BURR-BROWNl! 
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_._ ....- ......... _......••.. 
"'''''''''''''''\;1 
VVIr-VI 
,vI 
BINARY lWO'S 
BIPOLAR 
UNIPOLAR 
COMPLEMENT, 
BTC 
20V RANGE 
10V RANGE 
DESCRIPTION 


7FFFH 
+9.999695 
+9.999847 
+ Full Scale -1LSB 
I 
4000H 
+5.000000 
+7.500000 
314 Scale 
I 
0001H 
+0.000305 
+5.000153 
BPZ+1LSB 


OOO~ 
0.000000 
+5.000000 
Bipolar Zero (BPZ) 


FFFFH 
-{).000305 
+4.999847 
BPZ - 
1LSB 
I 
COOOH 
-5.000000 
+2.500000 
1/4 Scale 
I 
8000H 
-10.00000 
0.000000 
Minus Full Scale 


TABLE!. 
Digital Input and Analog Output Voltage Calibra- 
tion Values. 


Gain Adjustment 


Apply 
the digital 
input that gives the maximum 
positive 
voltage 
output. 
Adjust the gain potentiometer 
or the gain 
adjust D/A converter 
for this positive full scale voltage. 


GENERAL 
CONSIDERATIONS 


Due to the high-accuracy 
of these DIA converters, 
system 
design problems 
such as grounding 
and contact resistance 
become very important. A 16-bit converter with a 20V full- 
scale range has a ILSB value of 305l!V. With a load current 
of 5mA, 
series 
wiring 
and connector 
resistance 
of only 
60mn 
will cause a voltage drop of 300l!V. To understand 
what this means in terms of a system layout, the resistivity 
of a typical I ounce copper-clad 
printed circuit board is 1/2 
mn per square. For a 5mA load, a 10 milliinch wide printed 
circuit conductor 60 milliinches 
long will result in a voltage 
drop of 150l!V. 


The analog output of DAC714 has an LSB size of 305!!V 
(-96dB) in the bipolar mode. The rms noise floor of the D/A 
should remain below this level in the frequency 
range of 
interest. The DAC714's 
output noise spectral density (which 
includes the noise contributed by the internal reference,) 
is 
shown in the Typical Performance Curves section. 


Wiring to high-resolution 
D/A converters 
should be routed 
to provide optimum isolation from sources of RFl and EM!. 
The key to elimination 
of RF radiation 
or pickup is small 
loop area. Signal leads and their return conductors 
should be 
kept close together 
such that they present a small capture 
cross-section 
for any external field. Wire-wrap 
construction 
is not recommended. 


POWER SUPPLY AND 
REFERENCE 
CONNECTIONS 


Power supply decoupJing 
capacitors 
should be added as 
shown in Figure 4. Best performance 
occurs 
using a I to 
1O!!F tantalum 
capacitor 
at -Vee. 
Applications 
with less 


critical 
settling 
time may be able to use 0.0 I!!F at -V ee 
as well 
as at +Vee. The 
capacitors 
should 
be located 
close to the package. 


DAC714 has separate ANALOG COMMON 
and DIGITAL 
COMMON 
pins. The current 
through 
DCOM 
is mostly 
switching 
transients 
and are up to ImA peak in anlplitude. 


The current through ACOM is typically 5l!A for all codes. 


Use separate analog and digital ground planes with a single 
interconnection 
point to minimize ground loops. The analog 
pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible 
from digital 
signals and should cross them at 
right angles. A solid analog ground plane around the D/A 
package, as well as under it in the vicinity of the analog and 
power 
supply 
pins, will isolate 
the D/A from switching 
currents. 
It is recommended 
that DCOM 
and ACOM 
be 
connected 
directly to the ground planes under the package. 


If several DAC714s 
are used or if DAC714 shares supplies 


with other components, 
connecting 
the ACOM and DCOM 
lines to together 
once at the power supplies rather than at 
each chip may give better results. 


Since the reference 
point for VOUT and VREF OUT is the 
ACOM pin, it is important to connect the D/A converter load 
directly to the ACOM pin. Refer to Figure 5. 


Lead and contact resistances 
are represented 
by R1 through 
R3. As long as the load resistance RL is constant, R1 simply 
introduces 
a gain error and can be removed by gain adjust- 
ment of the D/A or system-wide 
gain calibration. 
R2 is part 
of RL if the output voltage is sensed at ACOM. 


In some applications it is impractical to return the load to the 
ACOM pin of the D/A converter. Sensing the output voltage 
at the SYSTEM GROUND point is reasonable, because there 
is no change m DAC714 ACOM current, provided that R3 is 
a low-resistance 
ground plane or conductor. In this case you 
may wish to connect DCOM to SYSTEM GROUND as well. 
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GAIN AND OFFSET ADJUST 
DIGITAL INTERFACE 


Connections 
Using Potentiometers 


GAIN 
and OFFSET 
adjust 
pins 
provide 
for trim 
using 
external potentiometers. 
IS-turn potentiometers 
provide suf- 
ficient resolution. 
Range of adjustment 
of these trims is at 
least ±O.3% of Full Scale Range. Refer to Figure 6. 


Using D/A Converters 


The GAIN 
ADJUST 
and OFFSET 
ADJUST 
circuits 
of 
DAC714 
have been arranged 
so that these points may be 
easily driven by external 
DI A converters. 
Refer to Figure 
7. 
12-bit 
DfA 
converters 
provide 
an OFFSET 
adjust 
resolution 
and 
a GAIN 
adjust 
resolution 
of 
30~V 
to 
50~V per LSB step. 


Nominal values of GAIN and OFFSET occur when the D/A 
converters 
outputs are at approximately 
half scale, +5V. 


OUTPUT VOLTAGE 
RANGE CONNECTIONS 


The DAC714 
output amplifier 
is connected 
internally 
for 
20V output range. That is, the 20V range resistor 
is con- 
nected internally 
to VOUT' for other ranges and configura- 
tions, see Figures 6 and 7. 


SERIAL 
INTERFACE 


The DAC714 
has a serial interface 
with two data buffers 
which can be used for either synchronous 
or asynchronous 
updating of multiple DIA converters. AO is the enable control 
for the Data Input Latch. Al is the enable for the D/A Latch. 
CLK is used to strobe data into the latches enabled by AO and 
A I. A CLR function is also provided and when enabled it sets 
the Data Latch to all zeros and the D/A Latch to a code that 
gives bipolar zero at the D/A output. 


Multiple DAC714s 
can be connected 
to the same CLK and 
data lines in two ways. The output of the serial loaded data 
latch is available as SDO so that any number of DAC714s 
can be cascaded 
on the same input bit stream as shown in 
Figure 8 and 9. This configuration 
allows all Df A converters 
to be updated simultaneously 
and requires a minimum num- 
ber of control signal inputs. These configurations 
do require 
16N CLK cycles to load any given D/A converter, 
where N 
is the number of DIA converters. 


The DAC714 can also be connected 
in parallel as shown in 
Figure to. This configuration 
allows any DIA converter 
in 
the system to be updated in a maximum 
of 16 CLK cycles. 


I 
System 
Ground 


Analog 
Power 
Supply 
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For no external 
adjustments, 
pins 
13 and 14 are not connected. 


External 
resistors 
R, - R. 
are standard 
±1 % values. 
Range 
of 


adjustment 
at least ±O.3"1o 
FSR. 


For no external 
adjustments, 
pins 
13 and 14 are not connected. 


External 
resistors 
R, - R. are standard 
±1 % values. 
Range 
of 
adjustment 
at least ±O.3% FSR. 
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VREFOUT 


Bipolar Offset 


+10V 
10kn 


R, 
R, 
340n 
500n 
10kn 


Gain Adjust 
-10V 


14 


Suggested 
Op Amps 


Offset Adjust 


OPAl77GP, 
GS or 


13 
OPA604AP, 
AU 


I 
I 


R3 
R, 
20kn 
10kn 


10kn 


Oto 10V 


Suggested 
Op Amps 
OPA177GP, 
GS: Single or 
OPA2604AP. 
AU: Dual 
I 
I 
-:- 
I 
I 


: 
DAC714 
I 
_______________________ 
1 


For no external 
adjustments, 
pins 13 and 14 are not connected. 


External resistors R1 
• R4 tolerance: 
±1 %. Range of adjustment 
at 


least ±O.3% 
FSR. 
Suggested 
D/As 
CMOS 
DAC7800: Dual: Serial Input. 12-bit Resolution 
DAC7801: Dual: 8-bit Port Input, 12-bit Resolution 
DAC7802: Dual: 12-bit Port Input, 12-bit Resolution 
DAC7528: Dual: 8-bit Port Input, 8-bit Resolution 
DAC7545: Dual: 12-bit Port Input, 12-bit Resolution 
DAC8043: Single: Serial Input. 12-bit Resolution 
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Data 
SOl 


Dala Latch 
AD 


Up Date 
A1 
DAC714 


CLK 
CLK 
+5V 
16 _ 
CLR 
SDO 
~,... 
t"-O« 
C 


DAC714 


SDO 
5 
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/ 
Data Latch 


Data 
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4 
Data 
SOl 


Data Latch 1 
AD 


Up Date 
Ai 
DAC714 


CLK 
CLK 


CLR 
16_ 
CLR 
SDO 
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16-Bit DIGITAL-TO-ANALOG CONVERTER 
with 16-Bit \BUS Interface 


• 
HIGH-SPEED 
16-BIT PARALLEL 
DOUBLE- 
BUFFERED 
INTERFACE 


• 
VOLTAGE 
OUTPUT: 
0 to +1OV 


• 
13-,14-, 
15-BIT LINEARITY 
GRADES 


• 
16-BIT MONOTONIC 
OVER 


TEMPERATURE 
(L GRADE) 


• 
POWER DISSIPATION: 
600mW max 


• 
GAIN AND OFFSET ADJUST: 
Convenient 
for Auto-Cal 
D/A Converters 


• 
28-LEAD 
DIP AND SOIC PACKAGES 


DAC7l5 
is a complete l6-bit resolution DIA converter. 


DAC7l5 
has a precision 
+IOV temperature 
compen- 


sated voltage 
reference, 
output 
amplifier 
and l6-bit 
port bus interface. 


The digital interface is fast, 60ns minimum write pulse 
width, is double-buffered 
and has a CLEAR function 
that resets the analog output to half scale. 


GAIN and OFFSET adjustment 
inputs are arranged so 


that they 
can 
be easily 
trimmed 
by external 
D/A 


converters 
as well as by potentiometers. 


DAC7l5 
is available 
in two linearity 
error perfor- 
mance 
grades: 
±4LSB 
DAC7l5P 
and 
U, ±2LSB 
DAC7l5PB/PK/PL 
or UB/UK/UL. 
DAC7l5 
is speci- 
fied at power supply voltages of ±12V and ±15V. 


DAC7l5 
is packaged in a 28-pin 0.3" wide plastic DIP 
and 
in a 28-lead 
wide-body 
plastic 
SOIC. 
The 


DAC7l5P, 
DAC7l5U, 
DAC715PB, 
and DAC7l5UB 
are specified 
over the -40°C 
to +85°C 
temperature 


range, and the DAC7l5PK, 
DAC715UK, 
DAC7l5PL, 


and DAC7l5UL 
are specified 
from O°C to +70°C. 


BURR-BROWNe 
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DAC715P, 
U 
DAC715PB, 
UB 
DAC715PK, 
UK 
DAC715PL, 
UL 


PARAMETER 
M1N 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MAX 
MIN 
TYP 
UNITS 


INPUT 


RESOLUTION 
16 
Bits 


DIGITAL 
INPUTS 
Input Code 
BlnO')'1 Two's 
eomrment 
I.t) 


Logic LevelS(l): VI-i 
+2.0 
+Vex; - 
1.4 
V 
,... 


V. 
o 
+0.8 
V 


I""- 
lJH (VI. 
+2.7V) 
"0 
1lA 
III (VI· 
+0.4V) 
<10 
.A 
0 
TRANSFER 
CHARACTERISTICS 
<C 
ACCURACY 
C 
Linearity Error 
•• 
±2 
±2 
±2 
LSB 
TMIN to TMA)( 
• 8 
•• 
±2 
±2 
LSB 
Differential 
Linearity Error 
•• 
±2 
±2 
., 
LSB 


TMlN 
to Tw.x 
• 8 
•• 
±2 
., 
LSB 


Monotonicity Over Temp 
13 


" 


15 
16 
Bits 
Gain Error(3) 
±D.l 
±D.l 
% 


TMIN to Tw.x 
±D.2 
±O.15 
% 


Offset Error(3) 
±D.l 
% FSRl21 


TMIN to TUA)( 
±D.2 
% FSR 
en 
Power Supply Sensitivity Of Full Scale 
±D.003 
% FSRJ%Vcc 
a: 
.30 
PPM 
FSRJ%Vce 


DYNAMIC 
PERFORMANCE 
W 


settling Time (to ±Q.OO3%FSR, 
I- 
5k1l II SOOpF Load){·) 
a: 
10V Output 
Step 
6 
10 
"' 
1 LSB Output Step(5) 
• 
"' 
W 
Output Slew Rate 
10 
VI", 


Total Harmonic 
Distortion + Noise 
> 
OdB, 1001 Hz, fs • 
100kHz 
0.005 
% 
Z 
-2OdB, 
1001Hz, 
fs '" 100kHz 
0.03 
% 


-60dB, 
1001Hz, 
fs• 
100kHz 
3.0 
% 
0 
SINAD 


1001Hz, 
is = 100kHz 
87 
dB 
0 
Digital Feedthroughl51 
2 
nV·s 


Digital-to-Analog 
Glitch ImpulseC5J 
15 
nV-s 
e" 
Output Noise Voltage 
(includes Reference) 
120 
nV..JRi 
0 
ANALOG 
OUTPUT 
..J 


Output Voltage 
Range 
<C 
+Vce, -Vcc 
:2 ±11.4V 
o to +10 
V 
Output Current 
.5 
mA 
Z 
Output Impedance 
0.1 
n 
Short Circuit to ACOM 
<C 
Duration 
Indefinite 
I 


REFERENCE 
VOLTAGE 
0 
Voltage 
+9.975 
+10.000 
+10.025 
V 
I- 
TWIN to Tw.x 
+9.960 
+10.040 
V 
I 
Output Resistance 
1 
n 
..J 


Source Current 
2 
mA 
Short Circuit to ACOM, 
Duration 
Indefinite 
t! 
POWER 
SUPPLY 
REQUIREMENTS 


Voltage: +Vcc 
+11.4 
+15 
+16.5 
V 


-Vcc 
-16.5 
-15 
-11.4 
V 
e" 
Current (no load, ±15V 
Supplies) 
- 
+Vcc 
13 
15 
mA 
C 
-Vcc 
22 
25 
mA 


Power Dissapation{6J 
525 
600 
mW 


TEMPERATURE 
RANGE 


Specification 
All Grades 


-40 
+85 
0 
+70 
'C 
Storage 
--60 
+150 
'C 


Thermal 
Resistance 
8JA 


DIP Package 
75 
'CIW 
SOIC 
Package 
75 
'CIW 


·Specifications 
are the same as grade to the left. 


NOTES: 
(1) Digital inputs are TIL 
and +SV CMOS 
compatible 
over the specification 
temperature 
range. (2) FSR means Full SCale Range. 
For example, 
for a 0 to +1OV output, 


FSR = 10V. (3) Errors externally 
adjustable 
to zero. (4) Maximum 
represents 
greater than the 3a limit. Not 100% tested for this parameter. 
(5) For the worst case code changes: 


FFFFH to OOOOHand OOOOHto FFFFH. These are Binary Two's Complement 
(BTC) codes. (6) Typical supply voltages times maximum currents. 
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+Vcc to COMMON 
. 
OV, +17V 
-Vcc to COMMON 
OV,-17V 
+Vcc to -V cc 
34 V 
Digital Inputs to COMMON 
...-1V to +Vcc 


External Vo~age Applied to BPO and Aange Aesistors 
±Vcc 


VREFOlJT 
Indefinije Short to COMMON 
VOlJT 
Indefinite Short to COMMON 
Power Dissipation 
. 
750mW 
Storage Temperature 
-GDoe to +150°C 
Lead Temperature 
(soldering, 
105) 
+300°C 


NOTE: Stresses above those listed under"Absolute 
Maximum Aatings" may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


DAC71SP 
Plastic DIP 
246 
DAC71SU 
Plastic SOIC 
217 


DAC71SPB 
Plastic DIP 
246 


DAC71 SUB 
PlasijcSOIC 
217 
DAC71SPK 
Plastic DIP 
246 
DAC71SUK 
Plastic SOIC 
217 
DAC71SPL 
Plastic DIP 
246 
DAC71SUL 
Plastic SOIC 
217 


DIFFERENTIAL 
LINEARITY 
TEMPERATURE 
ERROR MAX 
MODEL 
PACKAGE 
RANGE 
at +25°C 


DAC71SP 
Plastic DIP 
-40°C 
to +85°C 
±4LSB 
DAC71SU 
Plastic SOIC 
-40'C 
to +8S'C 
±4LSB 
DAC71SPB 
Plastic DIP 
-40'C 
to +8S'C 
±2LSB 
DAC71 SUB 
Plastic SOIC 
-40'C 
to +8S'C 
±2LSB 
DAC71SPK 
Plastic DIP 
O'C to 70'C 
±2LSB 


DAC71SUK 
Plastic SOIC 
O'C to 70'C 
±2LSB 


DAC71SPL 
Plastic DIP 
O'C to 70'C 
±1LSB 
DAC71SUL 
Plastic SOIC 
O'C to 70'C 
±lLSB 


00-015 
X 
~ 
---I---....=...- 
•••• 
-=--- 


\\\ 


TA• 
-40'C 
to +8S'C, +Vcc• 
+12Vor 
+1SV, -Vcc 
= -12V 
or-1SV. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNITS 


low 
Data Valid to End of WR 
50 
ns 


tAW 
_"",-A, Valid to End of WR 
50 
ns 


tAt< 
A". A, Hold after End of WA 
10 
ns 


tOH 
Data Hold after end of WR 
10 
ns 


twp(l) 
Write Pulse Width 
50 
ns 


tep 
CLEAR Pulse Width 
200 
ns 


A" 
A, 
WR 
CLR 
DESCRIPTION 


0 
1 
1-+0-+1 
1 
Load Input Latch 


1 
0 
1-+0-+1 
1 
Load DIA Latch 


1 
1 
1-+0-+1 
1 
No Change 


0 
0 
0 
1 
Latches Transparent 
X 
X 
1 
1 
No Change 
X 
X 
X 
0 
Reset DIA Latch 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection 
methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


PIN CONFIGURATION 
PIN DESCRIPTIONS 


PIN 
LABEL 
DESCRIPTION 


1 
DCOM 
Power Supply return for digital currents. 


DCOM 
28 
LSB DO 
2 
ACOM 
Analog Supply Return. 


3 
VoOJr 
o to +10V D/A Output. 


ACOM 
D1 
4 
Offset Adjust 
Offset Adjust. 


5 
VREF 
OUT 
Voltage Reference 
Output. 


Voun 
D2 
6 
Gain Adjust 
Gain Adjust. 


7 
+Vcc 
+12V to +15V Supply. 


Offset Adjust 
D3 
8 
-Vec 
-12V 
to -15V 
Supply. 


9 
CLR 
CLEAR. Sets D/A output to Half Scale 
VREFOUT 
D4 
(Active Low). 


Gain Adjust 
D5 
10 
WR 
Write (Active Low). 


11 
A, 
Enable for D/A latch (Active Low). 


+Vcc 
D6 
12 
A;; 
Enable for Input latch (Active Low). 


DAC715 
13 
D15 
Data Bit 15 (Most Significant 
Bit). 


-Vec 
D7 
14 
D14 
Data Bit 14. 


15 
D13 
Data Bit 13. 
CLR 
D8 
16 
D12 
Data Bit 12. 


WR 
D9 
17 
D11 
Data Bit 11. 


18 
Dl0 
Data Bit 10. 


A, 
Dl0 
19 
D9 
Data Bit 9. 


20 
D8 
Data Bit 8. 


A;; 
Dll 
21 
D7 
Data Bij 7. 


22 
D6 
Data Bit 6. 


D15 MSB 
D12 
23 
D5 
Data Bit 5. 


24 
D4 
Data Bij 4. 


D14 
14 
15 
D13 
25 
D3 
Data Bit 3. 


26 
D2 
Data Bit 2. 


27 
Dl 
Data Bit 1. 


28 
DO 
Data Bit 0 (Least Significant 
Bit). 


The information 
provided herein is believed to be reliable; however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 


no responsibility 
for tho uso of thi3 information, 
and all use or sucn Information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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1k 
10k 


Frequency (Hz) 


FULL SCALE OUTPUT SWING 
2500 


2000 


1500 
10 
~ 
1000 
~ 
> 
500 
0 
~ 
~ 
0 
>0 
e 
-500 
« 
<J 
-1000 


-1500 


-2000 


-2500 


Time (1O~sldiv) 


2500 


2000 


1500 
~ 
1000 
> 
500 
0 
'+ 
0 
§ 
-500 
e« 
-1000 
<J 


-1500 


-2000 


-2500 


I 


~ --- 
'-/ 


1000 


+5V Ia: 
OV 
~ 


100 
~~ 


10 


I 
I 
1 _I. 


.#" 
WR,Ar" 
A, 


.--fCLR 


DATA/ 


1.0 
~! 
~ 
.2'o 
- 
-1.0 


0.85 
1.7 
2.55 
3.4 
4.25 
5.1 
5.95 
6.8 


V Digital Inpul 


I 
\ 


+5V 
~ 


OV I~ 


\~ 
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Linearity 
error is defined 
as the deviation 
of the analog 


output from a straight line drawn between the end points of 
the transfer characteristic. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
linearity 
error 
(DLE) 
is the deviation 
from 
ILSB of an output change 
from one adjacent 
state to the 


next. A DLE specification 
of ± I/2LSB means that the output 
step size can range from 1/2LSB to 3/2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -ILSB, 
the D/A is 
said to be monotonic. 


A D/A converter is monotonic 
if the output either increases 


or remains 
the same for increasing 
digital 
input values. 
Monotonicity 
of DAC715 
is guaranteed 
over the specifica- 


tion temperature 
range 
to 13-, 14-, 15-, and 
16-bits for 


performance 
grades 
DAC715P/U, 
DAC715PB/UB, 


DAC715PK/UK, 
and DAC715PL/UL 
respectively. 


SETTLING 
TIME 


Settling time is the total time (including 
slew time) for the 
D/A output to settle to within an error band around its final 
value after a change in input. Settling times are specified to 
within ±O.003% of Full Scale Range (FSR) for an output 
step change of lOV and lLSB. The ILSB change 
is mea- 


sured at the Major Carry (FFFFH to OOOOH'and OOOOHto 
FFFFH: BTC codes), the input transition at which worst-case 
settling time occurs. 


TOTAL HARMONIC 
DISTORTION 
+ NOISE 


Total harmonic 
distortion 
+ noise is defmed as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics 
and noise to the value of the fundamental 
fre- 
quency. It is expressed 
in % of the fundamental 
frequency 
amplitude 
at sampling rate fs. 


SIGNAL-TO-NOISE 
AND DISTORTION 
RATIO (SINAD) 


SINAD includes all the harmonic 
and outstanding 
spurious 
components 
in the definition 
of output 
noise 
power 
in 
addition 
to quantizing 
and internal 
random 
noise power. 


SINAD is expressed in dB at a specified input frequency and 
sampling rate, fs. 


DIGITAL-TO-ANALOG 
GLITCH IMPULSE 


The amount of charge injected into the analog output from 
the digital inputs when Ule inputs change state. 11is mea- 
sured at half scale at the input codes 
where as many as 
possible 
switches change state-from 
FFFFH to 0000", 


DAC715 
is a monolithic 
integrated-circuit 
16-bit D/A con- 
verter complete 
with 16-bit D/A switches 
and ladder net- 
work, voltage reference, 
output amplifier and microproces- 
sor bus interface. 


DAC715 
has double-buffered 
data latches. The input data 


latch holds a 16-bit data word before 
loading 
it into the ~ 


second latch, the D/A latch. This double-buffered 
organiza- ~ 


tion permits simultaneous 
update of several D/A converters. 
All digital 
control 
inputs 
are active 
low. Refer to block 
diagram of Figure 
I. 


All latches are level-triggered. 
Data present when the enable 
inputs are logic "0" will enter the latch. When the enable 
inputs return to logic "I", the data is latched. 


The CLR input resets both the input latch and the D/A latch 
to give a half scale output. 


LOGIC INPUT COMPATIBILITY 


DAC715 digital inputs are TTL compatible 
(lAV 
switching 


level) with low leakage, 
high impedance 
inputs. Thus the 
inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS logic. An equivalent 
circuit of a digital 
input is shown in Figure 2. 


Data inputs will float to logic "0" and control 
inputs will 
float to logic "0" if left unconnected. 
It is recommended 
that 
any unused inputs be connected to DCOM to improve noise 
immunity. 


Digital inputs remain high impedance 
when power is off. 


INPUT CODING 


DAC715 
is designed 
to accept 
positive-true 
binary 
two's 


complement 
(BTC) input codes. For unipolar analog output 
configuration, 
a digital 
input of 7FFFH gives a full scale 
output, 8000H gives a zero output, and OOOOHgives half scale 
output. 


INTERNAL 
REFERENCE 


DAC715 
contains a +IOV reference. 


The reference 
output may be used to drive external 
loads, 


sourcing 
up to 2mA. The load current should be constant, 


otherwise 
the gain of the converter 
will vary. 
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CLR 
Voor 


A, 


~ 


WR 


Gain Adjust 


6 


+VCC 
ESD 
Protection 
Circuit 
,/ 
---- 
, 
R = 1k: P.o,A" WR, CLR 


3k: 00 ...015 


R 


~5PF 


FIGURE 
2. Equivalent 
Circuit of Digital Inputs. 


, 


" 
Range 
of 
""" 
Gain Adjust 
)(/',,' 
t .. ±O.3% 


,')t " 
, '/)( 


/,',' 
Gain Adjust 


/,',' 
Rotates 
the 
Line 
", 
", 
','•..' 
,U 
, , 
~{"" 
", 
p", 
R.ngeot~" 
Offset Adjust I 


Offset 
Adj. 
+ 
Tra~=I~:~:t- 8000H 


•• ±O.3% 


+ 


:;:UII Scale - 
T~1- 


1LSB 


Full Scale 
Range 


OUTPUT VOLTAGE 
SWING 


The output 
amplifier 
of DAC715 
is committed 
to a 0 to 
+lOV 
output 
range. 
DAC715 
will provide 
a 0 to +lOV 
output swing while operating 
on ±11.4V or higher voltage 


supplies. 


OOOOH 


Digital 
Input 


GAIN AND OFFSET ADJUSTMENTS 


Figure 3 illustrates the relationship 
of offset and gain adjust- 
ments for a unipolar connected D/A converter. Offset should 
be adjusted 
ILrst to avoid interaction 
of adjustments. 
See 
Table I for calibration 
values and codes. These adjustments 


have a minimum 
range of ±O.3%. 


Offset Adjustment 
Apply 
the digital 
input 
code 
that produces 
zero 
output 
voltage 
and adjust the offset 
potentiometer 
or the offset 
adjust D/A converter 
for av. 
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DAC715 
CALIBRATION 
VALUES 
1 LEAST 
SIGNIFICANT 
BIT = 152~V 


DIGITAL 
INPUT CODE 
ANALOG 
BINARY 
TWO'S 
OUTPUT 
COMPLEMENT, 
BTC 
(V) 
DESCRIPTION 


7FFFH 
9.999847 
Full Scale -1 LSB 
I 
4000H 
7.5 
3/4 Scale 
I 
0001H 
5.000152 
Half scale 
+ 1LSB 


OOOOH 
5 
Half scale 


FFFFH 
4.999847 
Half scale - 1LSB 


I 


COOOH 
2.5 
1/4 scale 
I 
BOOOH 
0 
Zero 


TABLE 1.Digital Input and Analog Output Voltage Calibra- 
tion Values. 


Gain Adjustment 


Apply 
the digital 
input that gives the maximum 
positive 
voltage output. 
Adjust the gain potentiometer 
or the gain 
adjust DfA converter 
for this positive full scale voltage. 


Due to the high-accuracy 
of these DfA converters, 
system 
design problems 
such as grounding 
and contact resistance 
become very important. A 16-bit converter with a lOV full- 
scale range has a ILSB value of 152~V. With a load current 
of 5mA, 
series 
wiring 
and connector 
resistance 
of only 
60mn 
will cause a voltage drop of 300~V. To understand 
what this means in terms of a system layout, the resistivity 
of a typical I ounce copper-clad 
printed circuit board is 1/2 
mn per square. For a 5mA load, a 10 milliinch wide printed 
circuit conductor 60 milliinches 
long will result in a voltage 
drop of 150~V. 


The analog output of DAC715 
has an LSB size of 152~V 
(-96dB). 
The noise floor of the DfA must remain below this 
level in the frequency range of interest. The DAC715's 
noise 
spectral density (which includes the noise contributed by the 
internal 
reference) 
is shown 
in the Typical 
Performance 
Curves section. 


Wiring to high-resolution 
Df A converters 
should be routed 
to provide optimum is.olation from sources of RFI and EML 
The key to elimination 
of RF radiation 
or pickup is small 
loop area. Signal leads and their return conductors 
should be 
kept close together 
such that they present 
a small capture 
cross-section 
for any external field. Wire-wrap 
construction 
is not recommended. 


POWER SUPPLY AND 
REFERENCE 
CONNECTIONS 


Power 
supply 
decoupling 
capacitors 
should 
be added 
as 


shown in Figure 4. Best performance 
occurs using a I to 
lOJ.lF tantalum 
capacitor 
at -V cc' Applications 
with less 


critical settling time may be able to use 0.01J.lF at -V cc as 
well as at +Vcc. The capacitors should be located close to the 
package. 


DAC715 has separate ANALOG 
COMMON 
and DIGITAL 
COMMON 
pins. The current 
through 
DCOM 
is mostly 
switching 
transients 
and are up to ImA peak in amplitude. 
The current through ACOM is typically 
5~ 
for all codes. 


Use separate analog and digital ground planes with a single 
interconnection 
point to minimize ground loops. The analog 
pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible 
from digital 
signals 
and should cross them at 
right angles. A solid analog ground plane around the DfA 
package, as well as under it in the vicinity of the analog and 
power 
supply 
pins, 
will isolate 
the DfA from switching 


currents. 
It is recommended 
that DCOM 
and ACOM 
be 
connected 
directly to the ground planes under the package. 


If several DAC715s 
are used or if DAC715 
shares supplies 


with other components, 
connecting 
the ACOM and DCOM 
lines together once at the power supplies rather than at each 
chip may give better results. 


LOAD CONNECTIONS 


Since the reference point for VDlFT and VREF 
DlFT is the ACOM 
pin, 
it is important 
to connect 
the Df A converter 
load 
directly to the ACOM pin. Refer to Figure 5. 


Lead and contact resistances 
are represented 
by R1 through 
R,. As long as the load resistance 
RL is constant, R1 simply 


introduces 
a gain error and can be removed by gain adjust- 
ment of the DfA or system-wide 
gain calibration. 
R, is part 
of RL if the output voltage is sensed at ACOM. 


In some applications 
it is impractical to return the load to the 


ACOM pin of the Df A converter. Sensing the output voltage 
at the SYSTEM 
GROUND 
point 
is reasonable, 
because 
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you may wish to connect DCOM to SYSTEM GROUND 
as 
well. 


GAIN AND OFFSET ADJUST 


Connections 
Using Potentiometers 


GAIN 
and OFFSET 
adjust 
pins 
provide 
for trim 
using 
external potentiometers. 
15-turn potentiometers 
provide suf- 


ficient resolution. 
Range of adjustment 
of these trims is at 
least ±O.3% of Full Scale Range. Refer to Figure 6. 


Using D/A Converters 


The 
GAIN 
ADJUST 
and OFFSET 
ADJUST 
circuits 
of 
DAC715 
have been arranged 
so that these points may be 
easily driven by external D/A converters. 
Refer to Figure 7. 
12-bit D/A converters provide an OFFSET adjust resolution 
and a GAIN adjust resolution 
of 30~V to 50~V per LSB 
step. 


--I O.01~F 


To -Vcc 


DIGITAL INTERFACE 


BUS INTERFACE 


DAC715 has 16-bit double-buffered 
data bus interface with 
control lines for easy interface to interface to a 16-bit bus. 
The double-buffered 
feature permits update of several D/As 


simultaneously. 
A;; is the enable control for the DATA INPUT LATCH. 
A, 
is the enable for the DIA LATCH. WR is used to strobe data 
into latches 
enabled 
by A;;, and A" 
Refer 
to the block 
diagram of Figure 
I and to Timing Diagram on page 3. 


CLR 
sets the INPUT 
DATA 
LATCH 
to zeros 
and the 
D/A LATCH to a code that gives half scale 5V at the D/A 
output. 


Analog 
Power 
Supply 


B 
B 
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SINGLE-BUFFERED 
OPERATION 


To operate the DAC715 interface as a single-buffered 
latch, 


the DATA 
INPUT 
LATCH 
is permanently 
enabled 
by 


connecting 
~ 
to DCOM. 
If A; is not used to enable the 
D/A, it should be connected 
to DCOM also. For this mode 
of operation, 
the width of WR will need to be at least 80ns 


minimum 
to pass data through the DATA INPUT LATCH 
and into the D/A LATCH. 


The digital interface of the DAC7l5 
can be made transpar- 
ent by asserting Ao, A" and WR LOW, and asserting CLR 
HIGH. 


For no external adjustments, pins 4 and 6 are not connected. 
External resistors R1 
- 
R. are standard ±1% 
values. 
Range of 


adjustment at least ±O.3% FSR. 
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16-Bit DIGITAL- TO-ANALOG 
CONVERTER 
with Serial Data Interface 


• 
SERIAL 
DIGITAL 
INTERFACE 


• 
VOLTAGE 
OUTPUT: 
0 to +10V 


• 
:±2 LSB INTEGRAL 
LINEARITY 


• 
16-BIT MONOTONIC 
OVER TEMPERATURE 


• 
PRECISION 
INTERNAL 
REFERENCE 


• 
LOW NOISE: 120nV/1Hi 
Including Reference 


• 
16-LEAD PLASTIC SKINNY DIP AND PLASTIC 
SOIC PACKAGES 


The DAC7l6 
is a complete monolithic 
D/A converter 
including 
a +IOV temperature 
compensated 
voltage 
reference, 
current-to-voltage 
amplifier, 
a high-speed 
synchronous 
serial 
interface, 
a serial 
output 
which 


allows 
cascading 
multiple 
converters, 
and an asyn- 
chronous 
clear function 
which immediately 
sets the 
output voltage to zero. 


The output voltage range is 0 to + JOV while operating 
from ±12V to ±15V supplies, and the gain and bipolar 
offset adjustments 
are designed so that they can be set 
via external potentiometers 
or external 
D/A convert- 


ers. The output 
amplifier 
is protected 
against 
short- 


circuiting 
to ground. 


The l6-pin DAC7l6 
is available in a plastic 0.3" DIP 
and a wide-body plastic SOIC package. The DAC7l6P, 
V, PB, and VB are specified over the -40°C to +85°C 
range while the DAC7l6VK, 
PK, UL, and PL are 


specified 
over the O°C to +70°C range. 
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DAC716P, 
U 
DAC716PB, 
UB 
DAC716PK, 
UK 
DAC716Pl, 
Ul 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TRANSFER 
CHARACTERISTICS 


ACCURACY 


Linearity 
Error 
±4 
±2 
±2 
±2 
lSB 


Tt,41N to TMAX 
±8 
±4 
±2 
±2 
lSB 


Differential 
Unearity 
Error 
±4 
±2 
±1 
±1 
LSB 
r""N to Tw.x 
±8 
±4 
±2 
±1 
lSB 


Monotonicity 
14 
15 
16 
16 
Bits 


Monotoniclty 
Over Spec Temp Range 
13 
14 
15 
16 
Bits 


Gain Erro~3) 
±C.l 
% 


TWIN to TMAX 
±C.25 
, 
% 


Unipolar Zero Errorl') 
. 
±C.l 
% of FSR!~ 


TM1N to Tw.x 
±C.2 
% of FSR 


Power Supply Sensilivity 
01 Gain 
±C.003 
%FSRI%Vcc 


±30 
ppm FSRrlbV~ 


DYNAMIC 
PERFORMANCE 


Settling Time 


(10 ±C.003%FSR, 
5kn 
II 500pF Load)!') 


20V Oulput Step 
6 
10 
1'5 
1LSB 0u1pu1 Slepl') 
4 
1'5 
Output Slew Rale 
10 
VlI'5 


Total Harmonic 
Distortion 


OdB, 1001 Hz, fs : 100kHz 
0.005 
% 


-2OdB, 
1001Hz, fs: 
100kHz 
0.03 
% 


-60dB, 
1001Hz, fs: 
100kHz 
3.0 
% 


SINAD: 
1001Hz, fs: 
100kHz 
87 
dB 


Digital Feedthroughl') 
2 
nV-s 


Digital-ta-Analog 
Gmch Impulse(Sj 
15 
nV-s 


Output Noise Voltage 
(includes 
reference) 
120 
nVl..fFii 


ANALOG 
OUTPUT 


0utpu1 Vonage Range 
+Vcc, -Vcc: 
±11.4V 
+10 
V 


Output Current 
±5 
mA 


Outpuf Impedance 
0.1 
n 


Short Circuit to ACOM Duration 
Indefinne 


REFERENCE 
VOLTAGE 


Vollage 
+9.975 
+10.000 
+10.025 
V 


TM1N 10 TMAX 
+9.960 
+10.040 
V 


Output Resistance 
1 
n 
Source Current 
2 
mA 


Short Circun 10 ACOM 
Duration 
Indefinne 


INTERFACE 


RESOLUTION 


I 


16 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Bits 


DIGITAL 
INPUTS 


Sanal Data Input Code 


logic 
Levels!l) 
StraIQht B,nary 


VIH 
+2.0 
(Vex;-1.4) 
V 


Vil 
0 
+0.8 
V 


I'H (V, : +2.7V) 
±10 
IJ.A 


I. (V, : +0.4V) 
±10 
IJ.A 


DIGITAL 
OUTPUT 


Serial Data 


VOl (ls'NK: 
1.6mA) 
0 
+0.4 
V 


VOH(IsouRC': 
SOOlJ.Al,T"'" 
10 TMAX 
+2.4 
+5 
V 


POWER 
SUPPLY 
REQUIREMENTS 


Voltage 


+Vcc 
+11.4 
+15 
+16.5 
V 
-Vcc 
-11.4 
-15 
-16.5 
V 
Cunent 
(No load, 
±15V 
SUpplies)!') 


+Vcc 
13 
16 
mA 


-Vex; 
22 
26 
mA 


Power Dissipalion(7) 
625 
mW 


TEMPERATURE 
RANGES 


Specification 


All Grades 
-40 
+85 
0 
+70 
·C 


Storage 
-60 
+150 
·C 


Thermal 
Coefficient, 
6JA 
75 
"eNi 


*SpeciflCations 
are the same as the grade to the left. 


NOTES: (1l Dignal inputs are TIl 
and +5V CMOS ccmpatible 
over Ihe specification 
lemperature 
range. (2) FSR means Full Scale Range. For example, for 0 to +1OV outpu1, FSR : 1OV. (3) Enors exlemalty 
adjustable 
to zero. (4) Maximum represents 
the 3a limit. Not 100% tested for this parameter. 
(5) For the worst-case 
Straight Binary code changes: 7FFF to 8000 and 8000 to 7FFF. (6) During power supply tum on, the transient 


supply current may approach 
3x the maximum 
quiescent 
specification. 
(7) Typical 
(Le. rated) supply voltages 
times maximum 
currents. 
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SDO 


DCOM 


A 
ELECTROSTATIC 


.ltJi&. DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 
Brown Corporation 
recommends 
that all integrated 
circuits 
be handled 
and stored 
using 
appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated circuits 
may be more 
susceptible 
to damage 
because 
very small 


parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


+Vcc to Common 
OV to +17V 
-Vcc to Common 
ov to -17V 
+Vcc to -vcc 
34V 
ACOM to DCOM 
±O.SV 
Digital Inputs to Common 
-1V to (Vcc -{).7V) 


External 
Voltage 
Applied 
to SPO and Range 
Resistors 
±Vcc 


VAEFOUT 
. 
Indefinite 
Short to Common 
Vour 
. 
.. Indefinite 
Short to Common 
SOO 
Indefinite Short to Common 


Power 
Dissipation 
750mW 


Storage 
Temperature 
-60°C 
to + 150°C 
Lead Temperature 
(soldering, 
IDs) 
+300°C 


NOTE: 
(1) Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings~ 


may cause 
permanent 
damage 
to the device. 
Exposure 
to absolute 
maximum 


conditions 
for extended 
periods 
may affect device 
reliability. 


LABEL 


CLK 


A(j 
A; 


SDI 


SDO 


DCOM 


+Vcc 
ACOM 


Vour 
NC 


NC 


VREFOUT 
Offset Adjust 


Gain Adjust 
-Vcc 
CLR 


DESCRIPTION 


Serial Data Clock 


Enable tor Input Register (Active Low) 


Enable for D/A Latch (Active Low) 


Serial Data Input 


Serial Data Output 


Digital Supply Ground 


Positive 
Power Supply 


Analog Supply Ground 


D/A Output 


No Connection 


No Connection 


Voltage 
Reference 
Output 


Offset Adjust 


Gain Adjust 


Negative 
Power 
Supply 


Clear 


DIFFERENTIAL 
LINEARITY 
ERROR 
TEMPERATURE 


MODEL 
PACKAGE 
TM1N 
to 
TMA)( 
RANGE 


DAC716P 
Plastic DIP 
±8 LSB 
-40·C 
to +8SOC 


DAC716U 
Plastic SOIC 
±8 LSB 
-40OC to +8S·C 


DAC716PB 
Plastic DIP 
±4 LSB 
-40·C 
to +8S·C 


DAC716UB 
Plastic SOIC 
±4 LSB 
-40·C 
to +8S·C 


DAC716PK 
Plastic DIP 
±2 LSB 
O·C to +70·C 


DAC716UK 
Plastic SOIC 
±2 LSB 
DoC to +70°C 


DAC716PL 
Plastic DIP 
±1 LSB 
DoC to +70DC 


DAC716UL 
Plastic SOIC 
±1 LSB 
DoC to +70°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER<') 


DAC716P 
Plastic DIP 
180 


DAC716U 
Plastic SOIC 
211 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information. 
and all use of such information 
shall be entirely at the user's own risk. Prices and cpacifications 
are oubjcct to chango 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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SYMBOL 
PARAMETER 
MIN 
MAX 
UNITS 


leLK 
Data Clock Period 
100 
ns 
lee 
Clock LOW 
50 
ns 
leH 
Clock HIGH 
50 
ns 
tAOS 
Setup Time for Ii;; 
50 
ns 


tA1S 
Setup nme for A, 
50 
ns 


tACH 
Hold Time for Ii;; 
10 
ns 
tA1H 
Hold Time for A, 
10 
ns 


tos 
Setup Time for DATA 
50 
ns 
toH 
Hold nme for DATA 
10 
ns 


tosop 
Output Propagation Delay 
140 
ns 
le. 
Clear 
Pulsewidth 
200 
ns 


Ao 
A, 
CLK 
CLR 
DESCRIPnON 


0 
1 
1-->0-->1 
1 
Shift Serial Data into SOl 


1 
0 
1~O---+1 
1 
Load D/A Latch 


1 
1 
1--+0--+1 
1 
No Change 


0 
0 
1--+0--+1 
1 
Two Wire Operation(l) 


X 
X 
1 
1 
No Change 


X 
X 
X 
0 
Reset D/A Latch 


NOTES: X = Don't Care, (1) All digital input changes will appear at the 
D/A output. 


Serial Data Out 
.•••••••• 
~ 
SOO 
015 
0,.------· 
..... .... 
--') 


--.. 
tosop 
- 
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TYPICAL PERFORMANCE CURVES 


" 
lk 
~ 
0> 
-'" 
0- 
100 
0- 
~it 
.£ ~ 
g,~ 
10 
"'- 
.c 
0 
~K 
"'0- 
oo- 
LL 


<= 
"g> 
'" 
.c£ 
lk 
10k 


Frequency (Hz) 


2500 


2000 


1500 
~ 
1000 
> 
500 
0 
'+ 
0 
"C§ 
-500 
e 
"" 
-1000 
<l 


-1500 


-2000 


-2500 


I 


.. 


VV 


2500 


2000 


1500 


~ 


1000 


0 
500 


"C 
0 
§e 
-500 


"" 
<l 
-1000 


-1500 


-2000 


-2500 


1000 


+5V 1< 
-(JV 


100 
~~ 


10 


-i_ 


f 
A",At 
-- 


CLR 
/ 
, 
SOl 


=>0- 
.£ 


]! 
0 
.",o- 
-1.0 


-2.0 


-(J.85 
0 
0.85 
1.7 
2.55 
3.4 
4.25 
5.1 
5.S5 
6.8 


V Disital Input 


I 


1\ 


f's 


I 


1\ 


I 


100 
lk 
10k 
lOOk 
1M 
10M 


Frequency (Hz) 
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ov 
1< 


~""I:.\,;n"I\';AIIUNS 


LINEARITY 
ERROR 


Linearity 
error is defined 
as the deviation 
of the analog 


output from a straight line drawn between the end points of 
the transfer characteristic. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
linearity 
error 
(DLE) 
is the deviation 
from 
ILSB of an output change from one adjacent 
state to the 
next. A DLE specification 
of ±l/2LSB 
means that the output 


step size can range from 1/2LSB to 3/2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -lLSB, 
the D/A is 


said to be monotonic. 


A D/A converter is monotonic 
if the output either increases 
or remains 
the same for increasing 
digital 
input values. 


Monotonicity 
of the L grade is guaranteed 
over the specifi- 


cation temperature 
range to 16 bits. 


SETILING 
TIME 


Settling time is the total time (including 
slew time) for the 
D/A output to settle to within an error band around its final 
value after a change in input. Settling times are specified to 
within ±O.OO3% of Full Scale Range (FSR) for an output 
step change of lOV and ILSB. The lLSB 
change is mea- 
sured at the Major Carry (7FFF to 8000, and 8000 to 7FFF: 
Straight Binary codes), the input transition 
at which worst- 
case settling time occurs. 


TOTAL HARMONIC 
DISTORTION 
+ NOISE 


Total harmonic 
distortion + noise is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics 
and noise to the value of the fundamental 
fre- 


quency. It is expressed 
in % of the fundamental 
frequency 


amplitude 
at sampling 
rate fs. 


SIGNAL- TO-NOISE 
AND DISTORTION 
RATIO (SINAD) 


SINAD includes all the harmonic 
and outstanding 
spurious 


components 
in the definition 
of output 
noise 
power 
in 
addition 
to quantizing 
and internal 
random 
noise power. 


SINAD is expressed in dB at a specified input frequency and 
sampling rate, fs. 


DIGITAL-TO-ANALOG 
GLITCH IMPULSE 


The amount of charge injected into the analog output from 
the digital inputs when the inputs change state. It is mea- 
sured at half scale at the input codes 
where as many as 


possible switches change state-from 
8000 to 7FFF. 


When the NU is not selected, high frequency 
logic activity 


on the digital inputs is coupled through the device and shows 
up as output noise. This noise is digital feedthrough. 


The DAC7l6 
is a monolithic 
integrated-circuit 
16-bit D/A 
converter 
complete 
with 
16-bit D/A switches 
and ladder 
network, 
voltage 
reference, 
output 
amplifier 
and a serial 
interface. 


INTERFACE 
LOGIC 


The DAC7l6 
has double-buffered 
data latches. 
The input 
data latch holds a 16-bit data word before loading it into the 
second latch, the D/A latch. This double-buffered 
organiza- 
tion permits simultaneous 
update of several D/A converters. 


All digital 
control 
inputs 
are active 
low. Refer 
to block 
diagram of Figure 1. 


All latches are level-triggered. 
Data present when the enable 
inputs are logic "0" will enter the latch. When the enable 
inputs return to logic" 
I", the data is latched. 


The CLR input resets both the input latch and the D/A latch 
to give an output voltage of OV (codeססOO). 


LOGIC INPUT COMPATIBILITY 


DAC7l6 
digital inputs are TIL compatible 
(lAV switching 


level) with low leakage, 
high impedance 
inputs. Thus the 


inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS logic. An equivalent 
circuit of a digital 
input is shown in Figure 2. 


Data inputs will float to logic "0" and control 
inputs will 
float to logic "0" if left unconnected. 
It is recommended 
that 
any unused inputs be connected to DCOM to improve noise 
immunity. 


Digital inputs remain high impedance 
when power is off. 


INPUT CODING 


The DAC716 
is designed 
to accept 
Straight 
Binary 
(SB) 


input codes. The serial input format is MSB flfst. 


INTERNAL 
REFERENCE 


DAC716 contains a +lOV reference. 


The reference output may be used to drive external loads, 
sourcing up to 2mA. The load current should be constant, 
otherwise the gain and unipolar offset of the converter will 
vary. 


OUTPUT VOLTAGE 
SWING 


The output amplifier 
of DAC7l6 
is designed 
to achieve 
a 


+JOV output range. DAC716 
will provide 
a + lOV output 
swing while operating on ±11AV or higher voltage supplies. 
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{jaln 
Adjust 


14 


+VCC 
ESD Protection Circuit 
./ 
---- 
• 
R: 
11<0: Ar" A" CLK, CLR, SOl 
" 
Range of 
" 
" 
Gain Adjust 
, , 
)(,,',,'T" ±O.3% 


,')( " 


Full Scale 
, 
'/)( 


Range 
,',',' 
Gain Adjust 


,',',' 
Rotates the Une 
,,, 
", 
',',' 
,u 
, ' 
,,~ 


"f,' 
~~' 
Rangeot~~' 


Offset Adjust 


Offset Adj. ~ 
Tr~~=I~~: 
T OOOOH 
.••±O.3% 


+ Full Scale -.. T 


1LSB 


~5PF 


GAIN AND OFFSET ADJUSTMENTS 


Figure 3 illustrates the relationship 
of offset and gain adjust- 


ments for a unipolar connected D/A converter. Offset should 
be adjusted 
fIrst to avoid interaction 
of adjustments. 
See 
Table Ifor calibration 
values and codes. These adjustments 
have a minimum 
range of ±O.3%. 


8000H 


Digital 
Input 


Offset Adjustment 
Apply the digital input code,סס OO, that produces OV and adjust 
the offsct potentiometer or the offset adjwsl D(A CUJlvt:nt:rfor 
OV. 


Gain Adjustment 


Apply the digital 
input that give. 
the maximum 
positive 


voltage 
output. Adjust the gain potentiometer 
or the gain 
adjust D/A converter 
for this positive full scale voltage. 
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NC 


NC 


CD 


Offset 
,.... 


Adjust 
r--0 
<CC 


Voor 


DAC716 CALIBRATION 
VALUES 
1 LEAST SIGNIFICANT 
BIT = 152liV 


DIGITAL 
INPUT CODE 
ANALOG 
OUTPUT (V) 


STRAIGHT 
BINARY 
UNIPOLAR 
10V RANGE 
DESCRIPTION 


FFFFH 
+9.999695 
+ Full Scale -lLSB 


I 
8000H 
+5.000000 
Half Scale 


OOOOH 
0.000000 
Unipolar 
Zero 


TABLE I. Digital Input and Analog Output Voltage Calibra- 
tion Values. 


GENERAL 
CONSIDERATIONS 


Due to the high precision 
of these D/A converters, 
system 
design problems 
such as grounding 
and contact resistance 
become very important. A 16-bit converter with a 10V full- 
scale range has a ILSB value of 1521J.V.With a load current 
of 5mA, 
series 
wiring 
and connector 
resistance 
of only 


60mn 
will cause a voltage drop of 300IJ.V. To understand 


what this means in terms of a system layout, the resistivity 
of a typical I ounce copper-clad 
printed circuit board is 1/2 


mn 
per square. 
For a 5mA load, a 0.1 inch wide printed 


circuit conductor 0.6 inches long will result in a voltage drop 
of 150IJ.V. 


The analog output of DAC716 has an LSB size of 152IJ.V 
(-96dB). The rms noise floor of the D/A should remain below 
this level in the frequency range of interest. The DAC716's 
output noise spectral density (which includes the noise contrib- 
uted by the internal reference) is shown in the Typical Perfor- 
mance Curves section. 


Wiring to high-resolution 
D/A converters 
should be routed 
to provide optimum isolation from sources of RFI and EMI. 
The key to elimination 
of RF radiation 
or pickup is small 
loop area. Signal leads and their return conductors 
should be 
kept close together 
such that they present a small capture 


cross-section 
for any external field. Wire-wrap 
construction 
is not recommended. 


POWER SUPPLY AND 
REFERENCE 
CONNECTIONS 


Power 
supply 
decoupling 
capacitors 
should 
be added 
as 
shown in Figure 4. Best performance 
occurs using a I to 
101lF tantalum 
capacitor 
at -Vcc. 
Applications 
with less 
critical 
settling 
time may be able to use 0.011lF at -V cc 


as well 
as at +Vcc. The 
capacitors 
should 
be located 


close to the package. 


The DAC716 has separate ANALOG COMMON 
and DIGI- 
TAL COMMON pins. The current through DCOM is mostly 
switching 
transients 
and are up to ImA peak in amplitude. 


The cUlTent through ACOM is typically 51J.Afor all codes. 


Use separate analog and digital ground planes with a single 
interconnection 
point to minimize ground loops. The analog 


pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible 
from digital 
signals and should cross them at 
right angles. A solid analog ground plane around the D/A 
package, as well as under it in the vicinity of the analog and 
power 
supply 
pins, will isolate 
the D/A from 
switching 
currents. 
It is recommended 
that DCOM 
and ACOM 
be 
connected 
directly to the ground planes under the package. 


If several 
DAC716s 
are used 
or if the DAC716 
shares 
supplies with other components, 
connecting 
the ACOM and 
DCOM lines together at the power supplies only rather than 
at each chip, may give better results. 


LOAD CONNECTIONS 


Since the reference 
point for VOUT and VREF 
OUT is the 
ACOM pin, it is important to connect the D/A converter load 
directly to the ACOM pin. Refer to Figure 5. 


Lead and contact resistances 
are represented 
by R1 through 
R3. As long as the load resistance RL is constant, R1 simply 
introduces 
a gain error and can be removed by gain adjust- 
ment of the D/A or system-wide 
gain calibration. 
R2 is part 
of RL if the output voltage is sensed at ACOM. 


In some applications it is impractical to return the load to the 
ACOM pin of the D/A converter. Sensing the output voltage 
at the SYSTEM GROUND point is reasonable, because there 
is no change in DAC716 ACOM current, provided that R3 is 
a low-resistance 
ground plane or conductor. In this case you 
may wish to connect DCOM to SYSTEM GROUND as well. 


GAIN AND OFFSET ADJUST 


Connections 
Using Potentiometers 


GAIN 
and OFFSET 
adjust 
pins 
provide 
for trim 
using 


external potentiometers. 
15-turn potentiometers 
provide suf- 


ficient resolution. 
Range of adjustment 
of these trims is at 


least ±O.3% of Full Scale Range. Refer to Figure 6. 
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DIGITAL INTERFACE 
Using D/A Converters 


The GAIN 
ADJUST 
and OFFSET 
ADJUST 
circuits 
of 
DAC716 
have been arranged 
so that these points may be 
easily 
driven 
by 
external 
D/ A 
converters. 
Refer 
to 
Figure 
7. 
12-bit 
D/A 
converters 
provide 
a nominal 
OFFSET 
adjust and GAIN adjust resolution 
of 25~V and 
15~V per LSB step, respectively. 


Nominal values of GAIN and OFFSET occur when the D/A 
converters 
outputs are at approximately 
half scale, OV. 


OUTPUT VOLTAGE 
RANGE CONNECTIONS 


The DAC716 
output amplifier 
is connected 
internally 
for 
IOV output range. 


The DAC7l6 
has a serial interface 
with two data buffers 


which can be used for either synchronous 
or asynchronous 
updating of multiple D/A converters. AO is the enable control 
for the Data Input Latch. A I is the enable for the D/A Latch. 
CLK is used to strobe data into the latches enabled by AO and 
A I. A CLR function is also provided and when enabled it sets 
the Data Latch to all zeros and the D/A Latch to a code that 
gives bipolar zero at the D/A output. 


Multiple DAC716s 
can be connected 
to the same CLK and 
data lines in two ways. The output of the serial loaded data 
latch is available as SDO so that any number of DAC716s 
can be cascaded 
on the same input bit stream as shown in 
Figure 8 and 9. This configuration 
allows all D/A converters. 


to be updated simultaneously 
and requires a minimum num- 
ber of control signal inputs. These configurations 
do require 
16N CLK cycles to load any given D/A converter, 
where N 
is the number of D/A converters. 


The DAC716 can also be connected 
in parallel as shown in 
Figure 
10. This configuration 
allows any D/A converter 
in 
the system to be updated in a maximum 
of 16 CLK cycles. 


Analog 
Power 
Supply 
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For no external 
adjustments, 
pins 13 and 14 are not connected. 


External 
resistors 
R, 
- R3 
are 
standard 
±1% 
values. 
Range 
of 
adjustment 
at least ±O.3% 
FSR. 


I 


Internal 
I 


+1OV Reference 
VREF OUT 
I 


12 


180n 
R, 
392n 


Gain Adjusl 
14 


Offsel Adjusl 
13 


R, 
33kll 


For no external 
adjustments, 
pins 13 and 14 are not connected. 
External resistors R, - R3 tolerance: 
±1%. 
Range 
of adjustment 
at 
leasl ±O.3% FSR. 


I 
I 
I 
I 
I 
I 
I 
I 
•. - 
- 
- 
- 
- 
- 
- 
- 
- 
_I 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
IE3IE3II 


4 
Data 
SOl 


Data Latch 
AO 
3 
DAC716 
Up Date 
Ai 
DAC1 
CLK 
CLK 
+SV 16 _ 


CLR 
SDO 


DAC716 


DAC2 


DAC716 


DAC3 
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DAC716 


DAC1 


/ 
Data Latch 


Data 
FED 
C 
B 
A 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
FED 
C 
B 
A 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
FED 
C 
B 
A 
9 
8 
7 
6 
5 
4 
3 
2 
1 
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4 
SDI 
2 
AD 
0 


3 
DAC716 
Ai 
1 
DAC1 
ClK 
16_ 
~ 
ClR 
SDO 


~ 
SDI 
2 
AD 
3 
DAC716 
Ai 
1 
DAC2 
ClK 
>- -2! ClR 
SDO 2-0 


~ 
SDI 
2 
AD 
3 
DAC716 
Ai 
1 
DAC3 
ClK 
--2 
ClR 
SDO ~ 


Up Date 


ClK 


ClR 
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Dual 16-Bit 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
COMPLETE 
DUAL VOUT DAC 


• 
DOUBLE-BUFFERED 
INPUT REGISTER 


• 
HIGH-SPEED 
DATA INPUT: 
Serial or Parallel 


• 
HIGH ACCURACY: 
±<I.003% Linearity Error 


• 
14-BIT MONOTONICITY 
OVER 
TEMPERATURE 


• 
PLASTIC 
PACKAGE 


• 
CLEAR INPUT TO SET ZERO OUTPUT 


The DAC725 
is a dual 
l6-bit 
DAC, complete 
with 


internal reference and output op amps. The DAC725 is 
designed 
to interface to an 8-bit microprocessor 
bus, 


but can also be interfaced 
to wider buses. The hybrid 
construction 
minimizes 
the digital feedthrough 
typi- 


cally associated with products that combine the digital 
bus interface circuitry with high-accuracy 
analog cir- 
cuitry. 


The l6-bit data word is loaded into either of the DACs 
in two 8-bit bytes per l6-bit word. The versatility 
of 


the control lines allows the data word to be directed to 
either DAC, in any order. The voltage-out 
DACs are 
dedicated 
to a bipolar 
output voltage 
of ±IOV. The 
output is immediately 
set to OV when the Clear com- 


mand is given. This feature, 
combined 
with the bus 


interfacing 
and complete 
DAC circuitry, 
makes 
the 


DAC725 
ideal for automatic 
test equipment, 
power 
control, servo systems, and robotics applications. 
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PARAMETER 


INPUT 


DIGITAL 
INPUT 
Resolution 
Bipolar Input Code 
Logic Levels(1): V1H 
VIL 
I'H (V, • +2.?V) 
III (V, = +0.4V) 


TRANSFER 
CHARACTERISTICS 


ACCURACY 
Linearity Error 
Differential 
Linearity Error(3) 


At Bipolar Zero: KPI3,4) 


Gain Erro~5) 
Bipolar Zero Error(5) 
Monlonicity 
Over Specified Temp. Range 


Power Supply Sensitivity: 
+Vcc• -Vcc 
Voo 


DRIFT (Over Specified Temperature 
Range) 
Gain Drift 
Bipolar Zero Drift 
Differential 
linearity 
Over Temperature(3) 


Linearity Error Over Temperature(3) 


SETTLING 
TIME (to ±0.003% 
of FSR)(6) 
20V Step (2kQ load) 
1LSB Step at Worst-Case 
Code(7) 


Slew Rate 


Output Voltage Range(8) 
Output Current 
Output Impedance 
Short Circuit to Common 
Duration 


Voltage: +Vcc 


-Vcc 
Voo 
Current (No load, ±15V supplies): 
+Vcc 
-Vec 
Voo 


Power Dissipation 
(±15V supplies) 


16 


Binary Twos Complement 


+2 
+5.5 


-1 
+0.8 


1 
1 


±O.003 
±O.OO6 
±0.0015 
±0.OO3 
±0.OO45 
±O.012 
0.003 
±O.OO6 


±0.OO3 
±O.O06 
±O.O? 
±O.2 
±O.15 


±O.05 
±O.l 
13 
14 


±O.0015 
±O.OO6 


±0.0001 
±O.OOl 


±10 
±25 
±5 
±12 


±0.0045 
±O.012 
±0.003 
±0.006 
±O.012 
±0.006 


4 
2.5 
10 


±10 
±5 
0.15 
Indefinite 


+11.4 
+15 
+16.5 
-11.4 
-15 
-16.5 
+4.5 
+5 
+5.5 


+29 
+35 


-35 
--40 


+6 
+10 


920 
1175 


% of FSR(2) 
% of FSR 
% of FSR 


% 
% of FSR 
Bits 


% of FSRJOIoVcc 
% of FSRJOIoVoo 


ppml"C 
ppm of FSR/"C 


% of FSR 
% of FSR 


·Specification 
same as model to the left. 


NOTES: (1) Digital inputs are TTL, LSTTL, 54n4HC 
and 54n4HTC 
compatible 
over the specification 
temperature 
range. (2) FSR means Full-Scale 
Range. For 
example, for ±10V output, FSR "" 20V. (3) ±O.OO15% of FSR is equal to 1LS3 in 16-bit resolution. ±O.003% of FSR is equal to 1LSB in 15-bit resolution. ±O.006% 
of FSR is equal to 1LSB in 14-bit resolution. 
(4) Error at input code OOOOH(BTC). 
(5) Adjustable 
to zero with external 
trim potentiometer. 
Adjusting 
the gain 
potentiometer 
rotates the transfer function around the bipolar zero point. (6) Maximum represents the 3a limit. Not tested for this parameter. 
(7) The bipolar worst- 
case code change is FFFFH to OOOOH(STe). (8) Minimum supply voltage for ±10V output swing is approximately 
±13V. Output swing for ±12V supplies is at least 
±9V. 


The information 
provided 
herein is believ!jKj to b9 reliable; 
however, 
BURR-BROWN 
accumoo 
no roopon:libility 
for ino.ccuro.cie~ or omi~~ion~. BURR-OROWN 
a~~ume~ 


no responsibility for the use of this information, and all use of such information shall be entirety at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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Voo to COMMON. 
. 
OV, +15V 
+Vcc to COMMON.. 
. 
OV, +18V 
-Vcc 
to COMMON 
OV, -18V 
Digital Data Inputs to COMMON 
.. 
. 
-<J.5V, Voo + 0.5 
DC Current any Input.. 
. 
±10mA 
Reference Out to COMMON 
Indefinite Short to COMMON 
VOIJT 
Indefinite Short to COMMON 
External Voltage Applied to RF 
±18V 
External Voltage Applied to D/A Output.. 
. 
±5V 
Power Dissipation 
. 
. 
2000mW 
Storage Temperature 
-60°C to +150°C 
Lead Temperature 
(soldering, 
10s) 
300"C 


NOTE: These devices are sensitive to electrostatic 
discharge. Appropriate 
I.e. handling procedures should be followed. 


Stresses above those listed under ~Absolute Maximum Ratings 


R may cause 
permanent 
damage to the device. Exposure to absolute maximum condi- 


tions for extended periods may affect device reliability. 


SJ (A) 


ACOM 


(A) 


SJ (B) 


ACOM 


(B) 


PIN 
DESIGNATOR 
DESCRtPTION 


1 
CLR 
Clear line. Sets the D/A 
register to OOOOHEX. 
which gives bipolar zero 
on the D/A output. 


2 
Voo 
Logic supply (+5V). 


3 
A, 
Latch enable for D/A lafch 
(active low). 
4 
II;; 
Latch enabie for "low byte" 


input (active low). 


5 
A; 
Latch enable for "high byte" 


input (active low). 


6 
D, (D15) 
Input for data bit 7 if en- 


(MSB) 
abling low byte (LB) latch, 
or data bit 15 if enabling 
the high byte (HB) latch. 


7 
D, (D,,) 
Input for data bit 6 if en- 
abling LB latch, or data bit 
14 if enabling HB latch. 


8 
D5 (D,,) 
Data bit 5 (LB) or data bit 
13 (HB). 


9 
D, (D,,) 
Data M 4 (LB) or data brt 


12 (HB). 


10 
D3 (D,,) 
Data bit 3 (LB) or data bit 
11 (HB). 


11 
D2 (D,,) 
Data bit 2 (LB) or data bit 
10 (HB). 


12 
D, (D,) 
Data M 1 (LB) or data brt 9 


(HB). 
13 
Do (D,) 
Data bit 0 (LB) or data bit 
8 (HB). 


14 
DCOM 
Digital common. 


15 
Vour (B) 
Voltage output for DAC B. 


16 
ACOM (B) 
Analog common for DAC B. 


17 
SJ (B) 
Summing junction of the in- 
ternal op amp for DAC B. 


18 
GA (B) 
Gain adjust pin for DAC B. 


19 
WR (B) 
Write control line for OAC B. 


20 
CS (B) 
Chip select control line for 
DAC B. 


21 
+Vcc 
Positive supply voltage 


(+15V). 


22 
-Vcc 
Negative 
supply voltage 
(-15V). 


23 
CS (A) 
Chip select control line for 
DACA. 


24 
WR(A) 
Write control line for OAC A. 


25 
Vour (A) 
Voltage output for DAC A. 
26 
ACOM (A) 
Analog common for DAC A. 


27 
SJ (A) 
Summing junction of the in- 


ternal op amp for DAC A. 


28 
GA(A) 
Gain adjust pin for DAC A. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


DAC725JP 
28-Pin Plastic DIP 
215 
DAC725KP 
28-Pin Plastic DIP 
215 


LINEARITY 
ERROR 
TEMPERATURE 


MODEL 
max (% of FSR) 
RANGE 


DAC725JP 
±0.012 
DoC to +70DC 
DAC725KP 
±0.006 
O°C to +70°C 
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DISCUSSION OF 
SPECIFICATIONS 


DIGITAL 
INPUT CODES 


The DAC725 accepts positive-true 
binary twos complement 
input code, as shown in Table 1. The data is loaded 
into 
either DAC, 8 bits at a time. The data may also be clocked 
into the device in a serial format. 


ANALOG 
OUTPUT 
(Binary Two's Complement, 


DIGITAL 
INPUT CODES 
Bipolar 
Oparalion, 
All Models) 


7FFFH 
+ Full Scale 


ooOOH 
Zero 


FFFFH 
-1LSB 


8000H 
- Full Scale 


ACCURACY 


Linearity 
This specification 
describes one of the most important mea- 


sures of performance 
of a D/A converter. 
Linearity error is 
the deviation of the analog output from a straight line drawn 
through the end points (minus full-scale point and plus full- 
scale point). 


Differential 
Linearity 
Error 


Differential 
Linearity Error (DLE) of a D/A converter is the 
deviation from an ideal ILSB change in the output when the 
input changes from one adjacent code to the next. A differ- 
entiallinearity 
error specification 
of±I/2LSB 
means that the 
output step size can be between 
I/2LSB and 3/2LSB when 
the input changes between adjacent codes. A negative DLE 
specification 
of -ILSB 
maximum (--0.006% for 14-bit reso- 
lution) insures monotonicity. 


Monotonicity 
Monotonicity 
assures that the analog output will increase or 
remain 
the same for increasing 
input digital 
codes. 
The 
DAC725 
is specified 
to be monotonic 
to 14 bits over the 
entire specification 
range. 


DRIFT 


Gain Drift 
Gain drift is a measure 
of the change 
in full-scale 
range 
output over temperature 
expressed 
in parts per million per 
degree centigrade 
(ppmrC). 
Gain drift is established 
by: 


(I) testing the end point differences at tMIN, +25°C and tMAX' 


(2) calculating 
the gain error 
with respect 
to the +25°C 
value, and 


(3) dividing by the temperature 
change. 


The DAC725 
is specified 
for Maximum 
Gain and Offset 
values 
at temperature. 
This tells the system designer 
the 
maximum that can be expected over temperature, 
regardless 
of room temperature 
values. 


Zero Drift 
Zero drift is a measure of change in the output with ~ 
applied 
to the 
D/A converter 
inputs 
over 
the 
specified 
temperature 
range. 
This code 
corresponds 
to OV analog 
output. 


The maximum change in offset at tMlN or tMAX is referenced 
to the zero error at +25°C and is divided by the temperature 
change. This drift is expressed 
in FSRrc. 


SETTLING 
TIME 


Settling time of the D/A is the total time required 
for the 
analog output to settle within an error band around its fmal 
value after a change in digital input. Refer to Figure 
I for 
typical values for this family of products. 


1\ 


\ 


\ 


1 
10 


Settling Time (~s) 


FIGURE 
1. Final- Value Error Band Versus Full-Scale Range 


Settling Time. 


Settling times are specified 
to ±O.OO3% of FSR (±I/2LSB 
for 
14 bits) for two input 
conditions: 
a full-scale 
range 


change of 20V (±10V), and a lLSB 
change at the "major 
carry," 
the point 
at which 
the 
worst-case 
settling 
time 
occurs. This is the worst-case point since all of the input bits 
change when going from one code to the next. 


POWER 
SUPPLY 
SENSITIVITY 


Power 
supply 
sensitivity 
is a measure 
of the effect 
of a 


change 
in a power 
supply voltage 
on the D/A converter 
output. It is defmed as a percent of FSR change in the output 
per percent of change in either the positive supply (+Vcc), 
negative 
supply 
(-Vcc) 
or logic supply 
(VDD) about the 
nominal power supply voltages (see Figure 2). It is specified 
for DC or low frequency 
changes. The typical performance 
curve in Figure 2 shows the effect of high frequency changes 
in power supply voltages. 
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FIGURE 2. Power Supply Rejection 
Versus Power Supply 
Ripple Frequency. 


For optimum performance 
and noise rejection. power supply 


decoupling 
capacitors 
should 
be added 
as shown 
in the 
Connection Diagram. IflF to IOflFtantalum capacitors should 
be located close to the D/A converter. 


Zero and gain may be trimmed by installing 
external zero 


and gain potentiometers. 
Connect 
these potentiometers 
as 


shown in the Connection 
Diagram 
and adjust as described 
below. TCR of the potentiometers 
should be IOOppmrC 
or 
less. The 
3.9MQ 
and 270kQ 
resistors 
(±20% 
carbon 
or 
better) 
should 
be located 
close to the D/A converter 
to 
prevent 
noise pickup. 
If it is not convenient 
to use these 
high-value resistors. an equivalent ''T'' network. as shown in 
Figure 3. may be substituted 
in place of the 3.9MQ resistor. 


A O.OOlflF to O.OlflF low-leakage 
film capacitor should be 
connected from Gain Adjust to Analog Common to prevent 
noise pickup. Refer to Figure 4 for relationship of Offset and 
Gain adjustments. 


3.9MQ 
~ 


180kn 
180kn 


~ 


Zero Adjustment 
By loading the code OOOOH'the DAC will force OV. Offset 
is adjusted 
by using the circuit 
of Figure 
5. An alternate 
method would be to use the CLR control to set the DAC to 
OV. Zero calibration should be made before gain calibration. 


both DACs. Adjust the gain of each DAC to obtain the full 
scale voltage of +9.99969V 
as shown in Table II . 


DIGITAL 
BIPOLAR 
OUTPUT, 
±10V 
INPUT 
CODE 
16 Bits 
15 Blls 
14 Bits 
UNITS 


One LSB 
305 
610 
1224 
~V 
7FFFH 
+9.99969 
+9.99939 
+9.99878 
V 


8000H 
-10 
-10 
-10 
V 


INTERFACE 
LOGIC AND TIMING 


The control logic functions 
are chip select (CSA or CSe). 


write (WRA or WRe). latch enable (Ao. AI' A2). and clear 
(CLR). These pins provide the control functions for the micro- 
processorinterface. There is a write and a chip select for both 
DACA and for DACe channels. 
This allows the 8-bit data 
word to be latched from the data bus to the input latch or 
from the input latch to the DAC latch. of DACA• DACB• or 
both. 


AD 
A, 
A, 
WR(A) 
CS(A) 
DESCRIPTION 


1 
1 
0 
0 
0 
DAC latch enabled, Channel A 


1 
0 
1 
0 
0 
Input latch high byte enabled, Channel A 


t 
0 
0 
0 
0 
High byte tlows through to CAC. Channel A 


0 
1 
1 
0 
0 
Low byte latched from data bus. Channel A 


0 
1 
0 
0 
0 
Low byte flows through to CAC. Channel A 
0 
0 
1 
1 
1 
serial input mode for byte lafches 


X 
X 
X 
1 
0 
No data ~ lafched 


X 
X 
X 
0 
1 
No data is latched 


~1"or YO" indicates 
TTL Logic Level Channel 
A shown. 


~ 
Input::; BoeOH 
6 / 
~ 
' 


'".:1 


/ I 


+ Full Scale ,>;:;';: 
Range 
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Gain Adjust 
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L 
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Input. 
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H 
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Offset 
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Input. 
OOOOH 
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Digitalinpul 


FIGURE 4. Relationship 
of Zero 
and Gain Adjustments 


for the DAC725. 


BURR - BROWN8 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
IEilEilI 


~£££ 
•••• 
~ 
&1 
££& 
•...••• 
&&& 
•••• 
£&&_~ 
••••••••••• 
~u 
••.••.••.••.•••••••.••...•.••••••••££_ 
••• 
£ 
.•••••• 
~££ 
•••• 
&&£0·' 


byte of the DAC channel to be latched through the byte latch. 
The Ao line, in conjunction 
with the WR and CS, latches the 
data for the low byte. When A2, CS, and WR are low at the 
same time, the data is latched through the D/A latch and the 
DAC 
changes 
output 
voltage. 
Each 
latch may be made 
transparent 
by maintaining 
its enable signal at logic "0". 


The serial data mode is activated when both Ao and A; are 
at logic low simultaneously. 
The data (MSB fIrst) is clocked 
in to pin 13 with clock pulses on the WR pin. The data is 
then latched through to the DAC as a complete 
16-bit word 
selected by A2. 


The CLR line resets both input latches to all zeros and sets 
the DAC latch to <XlOOH.This is the binary code that gives 
a null, or zero, at the output of the DAC. 


The maximum 
clock 
rate of the latches 
is IOMHz. The 
minimum 
time between the write (WR) pulses for succes- 
sive enables is 20ns. In the serial input mode, the maximum 
rate at which data can be clocked into the input shift register 
is IOMHz. The timing 
of the control 
signals 
is given in 
Figure 6. 


INTERVAL 
DESCRIPTION 
nSI mln 
nSI max 


tow 
Data valid to end of WR 
80 


Icw 
CS valid to end of WR 
80 


tAW 
A;;. A,. A;; valid to end of WR 
80 


twP 
Write pulse width 
80 


tOH 
Data hold after end of WR 
0 


1"""-- 
tew ~ 
/ 
II) 


C5 
" 


C\I 
I-tAW- 
I'-0 


A..A;.A; 
~ 
/ 
« 


I-tow- 
C 


D(}-D15.51 
¥ 
X 


tOH- 
1- 


WR 
"S:r- 
/ 
ena: 
:-twp- 
WI- 


FIGURE 6. Logic Timing Diagram. 
a: 
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INSTAllATION 
APPLICATIONS 


1------------------------------------' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Because 
of 
the 
extremely 
high 
accuracy 
of 
the 
D/A 
converter, 
system design problems 
such as grounding 
and 
contact 
resistance 
become 
very 
important. 
For 
a 16-bit 
converter 
with a +IOV full-scale 
range, 
ILSB 
is 153~V. 
With a load current 
of 5mA, series wiring and connector 
resistance of only 30mr.l will cause the output to be in error 
by ILSB. 
To understand 
what this means 
in terms of a 
system 
layout, 
the resistance 
of typical 
loz 
copper-clad 
printed circuit board material 
is approximately 
l/2mr.l per 


square mjl. In the example above, a IOmil-wide conductor 
60millong 
would cause a ILSB error in R2 and R3 of Figure 
7. 


In Figure 7, lead and contact resistances 
are represented 
as 
R2 through ~. 
As long as the load resistance 
(RJ 
remains 
constant, 
the resistances 
of R2 and R3 will appear as gain 
errors when the output is sensed across the load. If the output 
is sensed at the DAC725 
output terminal 
and the system 
analog common, R2 and R3 appear in series with RL. ~ 
has 
a current through it that varies by only I% of the nominal 
ZmA current for all code combinations. 
This IR drop causes 


an offset error, and is calibrated 
out as an offset error. 


The current through the digital common varies directly with 
the digital code that is loaded into the DAC. The current is 
not the same for each code. If this IR drop is allowed 
to 
modulate the analog common, there may be code-dependent 
errors in the analog output. 


The IR drop across R6 may cause accuracy problems 
if the 
analog 
commons 
of several 
circuits 
are "daisy 
chained" 
along the power supply analog common. 
All analog sense 
lines should be referenced 
to the system analog common. 


WAVEFORM 
GENERATION 


The DAC725 has attributes that make it ideal for very low 
distortion 
waveform 
synthesis. 
Due to special design tech- 
niques, 
the feedthrough 
energy 
is much 
lower 
than that 
found in other D/A converters available today. In addition to 
the low feedthrough 
glitch 
energy, 
the input 
logic 
will 


operate with data rates of IOMHz. This makes the DAC725 
ideal for waveform 
synthesis. 


PROGRAMMABLE 
POWER 
SUPPLIES 


The 
DAC725 
is an excellent 
choice 
for programmable 


power supply applications. 
The DAC outputs may be pro- 


grammed 
to track 
or oppose 
each 
other. 
If the 
load is 
floating, and can be driven differentially, 
the dynamic range 
will be 17 bits, because the full-scale range doubles for the 
same 
sized 
LSB. 
The clear 
line (CLR) 
sets both 
DAC 
outputs to zero, and would be used at power-up to bring the 
system up in a safe state. The CLR line could also be used 
if an over-power 
state is sensed. 


ISOLATION 


The DAC725 can accept serial input data, which means that 
only six optoisolators 
are needed for two DACs. The data is 
clocked into the input latch using the WR pi~ 
The 16-bit 
data word is latched into the DAC selected by A2. When Ao 
and Al are simultaneously 
low, the serial mode is enabled. 
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Ultra-High 
Resolution 
18-BIT DIGITAL-TO-ANALOG 
CONVERTER 


• 
16-BIT 
LINEARITY 
GUARANTEED 


(K Grade) 


• 
USER ADJUSTABLE 
TO 18-BIT 
LINEARITY 


• 
PRECISION 
INTERNAL 
REFERENCE 


• 
FAST SETTLING, 
LOW NOISE INTERNAL 
OP AMP 


• 
LOW DRIFT 


• 
HERMETIC 
40-PIN CERAMIC 
PACKAGE 


• 
lOUT OR Vour OPERATION 


The DAC729 
sets the standard in very high accuracy 
digital-to-analog 
conversion. 
It is supplied 
from the 
factory at a guaranteed linearity of 16 bits, and is user- 
adjustable 
to 18-bit linearity (lLSB = FSR/262144). 


To attain this high level of accuracy, the design takes 
advantage of Burr-Brown's 
thin-film monolithic DAC 
process, dielectric op amp process, hybrid capabilities, 
and advanced 
test and laser-trim 
techniques. 


The DAC729 hybrid layout is specifically 
partitioned 
to minimize 
the 
effects 
of external 
load-current- 
induced thermal errors. The op amp design consists of 
a fast settling precision op amp with a current buffer 
within the feedback loop. This buffer isolates the load 
from the precision 
op amp, which results 
in a fast 


settling (8~ 
to 16 bits) output. The standard 40-pin 
package 
offers 
full hermeticity, 
contributing 
to the 
excellent reliability 
of the DAC729. 


18-Bit 


lOUT 
DAC 


Precision 


lOV 


Reference 


BURR· 
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DAC729JH 
DAC729KH 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL INPUT 
Resolution 
18 
Bits 


Digitallnputs(1l: 
VtH 
+2.4 
+Vl 
V 
Vil 
0 
+0.8 
V 


IIH. V1N = +2.7V 
+5 
w\ 


Ill' V1N = +O.4V 
-300 
w\ 


TRANSFER 
CHARACTERISTICS!') 
\ 


ACCURACY 
Linearity Erro,.(3) 
±0.OD15 
±0.00076 
%01 FSRt4j 


Differential Linearity Error 
±0.OD3 
±0.0015 
%ofFSR 
Gain ErrorlS) 
±D.05 
±0.10 
% 


Offset Error:15'Voltage, COBI6' 
- 
±5 
±10 
mV 
CSB(6) 
±3 
±5 
mV 
Current, COB 
±5 
w\ 


CSB 
±1 
w\ 


Power Supply Sensitivity, 
Unipolar: ±15VDC 
±0.0001 
±0.0005 
%ofFSR/OfoVs 


+5VDC 
±0.OOD1 
±0.0005 
%ofFSR/%Vs 


Bipolar Offset: ±15VDC 
±0.OOD4 
±0.OD15 
%ofFSR/%Vs 


+5VDC 
±0.ODD1 
±0.ODD5 
%ofFSR/%Vs 


Bipolar Gain: ±15VDC 
±0.ODD5 
±0.OD15 
% of FSR/%Vs 


+5VDC 
±D.OD01 
±0.OD05 
% of FSRJ'O/oVs 


Output Noise (10Hz to 100kHz), Voltage: Bipolar Offset 
29 
).l.Vrms 


Bipolar Gain 
37 
J.Nrms 
Current: Bipolar Offset 
2.9 
. 


nArms 


Bipolar Gain 
3 
nArms 
Monotonicity 
(DOCto +70°C) 
15 
16 
16 
17 
Bits 
Differential Linearity Adjustment 
Resolution(7) 
18 
Bits 


DRIFT (Over Specification 
Temperature 
Range) 


Gain Drift (Excluding 
Reference Drift) 
±3 
±5 
ppml"C 
Offset Drift (Excluding 
Reference Drift): COB (Bipolar) 
±2 
±5 
ppm of FSR/"C 
CSB (Unipolar) 
±2 
±3 
ppm of FSR/"C 
Linearity Error (at aoc and +70OC) 
±0.3 
±1 
±D.3 
±0.5 
ppm of FSR/"C 
Differential Linearity Error (at aoc and +70°C) 
±0.5 
±2 
±D.5 
±1 
ppm of FSR/"C 


STABILITY, 
LONG TERM (at +25°C) 
Gain (Exclusive of Reference) 
±5 
±5 
ppm/1000hr 


Offset: COB (EXclusive of Reference) 
±5 
±5 
ppm of FSR/1000hr 
CSB 
±5 
±5 
ppm of FSRi1000hr 
Linearity 
±2 
±2 
ppm of FSRi1000hr 


Reference 
±5 
±5 
ppm/1000hr 


OUTPUT 


VOLTAGE 
OUTPUT MODE 
I 
I 


Ranges: COB 
±2.5, ±5, ±10 
V 
CSB 
o fo +10, 0 to +5 
V 
Output Current 
±5 


I 
I 


mA 
Output Impedance 
0.15 
0 
Short Circuit Duration 
Indefinite 
10 Common 
Indefinite to Common 


CURRENT OUTPUT MODE 
COB Ranges 
±1 
mA 
Output Impedance 
2.86 
kn 
CSB Ranges 
Oto-2 
mA 
OUlput Impedance 
4.0 
kn 
Output Current Tolerance 
±0.1 
%ofFSR 
Compliance 
Voltage 
-1 to +5 
V 


SETTLING TIME (To ±0.00076% 
of FSR)18) 


Voltage (Load = 2kn 111OOpF): Full-Scale Step 
5 
8 
~s 


1LSB Step (Major Carry)I') 
4 
7 
~s 


Slew Rate 
20 
V/JlS 


Switching Transient Peak 
500 
mV 
Switching Transient Energy 
0.45 
V-JlS 
Current Full-Scale Step (2mA X 100 1I1pF) 
300 
ns 


BURR-BROWN~ 
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PARAMETER 


REFERENCE 


Output (pin 32) :Voltage 


Source 
Curren~10) 


Temperature 
Coefficient 
Short-Circuit 
Duration 
Power Supply Sensitivity 


POWER SUPPLY 
REQUIREMENTS 


Voltage: +Vcc 


-Vec 


Voo 
Current: 
+Vcc 
-Vec 
Voo 


Power Dissipation (Rated Supplies) 


ENVIRONMENTAL 
SPECIFICATIONS 


Temperature 
Range: Specification 
°C 


Storage 
°C 


• Specffications 
same as DAC729JH. 


NOTES: (1) TTL- and CMOS-compatible. 
(2) Specffied for Vour mode using the intemal op amp. (3) ±0.OOO76% of full-scale range is 112LSB for 16-bit resolution. (4) 


FSR means full-scale range, 20Vfor±1 
OVrange, etc. (5) Adjustable to zero error with an extemal potentiometer. 
(6) COB is complementary 
offset binary (bipolar); CSB 
is complementary 
straight 
binary (unipolar). 
(7) Using the MSB adjustment 
circuit, the user may improve 
the DAC linearity 
to 1/2LSB of this specification 
with gain and 
offset errors adjusted to zero at 25°C. (8) Maximum represents 30 limit, not 100% production tested. (9) At the major carry; 20000 to 1FFFFHEX and from 1FFFF to 
20000HEX' 
(10) Maximum with no degradation 
in specifications. 
External loads must be constant. 


UNITS 


V 


mA 
en 
ppml"C 
N 
Indefinite 
to Common 
,.... 


%N 
0 
<t 
+13.5 
+15 
+16.5 
V 
0 
-16.5 
-15 
-13.5 
V 


+4.75 
+5 
+5.25 
V 


+30 
+40 
mA 


-45 
-60 
mA 


+18 
+25 
mA 
1.22 
1.63 
W 


Voo to Common 
.. 
. 
OV to +7V 
+Vcc to Common 
. 
OV to +18V 
-Vee to Common 
OV to-18V 
Digital Data Inputs (pins 1-18) to Common 
..4l.5V 
to Voo 


Reference Vohage In (pin 31) 
+9V to +11V 


Reference Out (pin 32) to Common 
Indefinite Short to Common 


External Voltage Applied to D/A Output (pin 29) 
-5V to +5V 


External Voltage Applied to Feedback Resistors 
(pins 25, 26, 27, 28) 
. 
-15V 
to +15V 
Vour (pin 23) 
Indefinite Short to Common 
Power Dissipation 
. 
3000mW 
Storage Temperature 
. 
-6Q°C to +l50°C 
Lead Temperature 
(soldering, 
10s) 
+300°C 


NOTE: Stresses above those listed under-Absolute 
Maximum Ratings- may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


DAC729JH 
40-Pin Hermetic DIP 
O°C to +70°C 


DAC729KH 
40-Pin Hermetic DIP 
OOCto +70°C 


DAC729KH-BI 
40-Pin Hermetic DIP 
O°C to +70°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


DAC729JH 
40-Pin Hermetic DIP 
214 
DAC729KH 
40·Pin Hermetic DIP 
214 


DAC729KH-BI 
40·Pin Hermetic DIP 
214 
Wee (15V) 


21 
-Vee (15V) 
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A 
ELECTROSTATIC 


~ 
DISCHARGE SENSITIVITY 


Any integral circuit can be damaged 
by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


BURN-IN 
SCREENING 


Burn-in 
screening 
is an option available 
for the DAC729 
family of products. 
Burn-in duration is 160 hours at 100°C 


(or equivalent 
combination 
of time and temperature). 


All units are tested after bum-in to ensure that grade speci- 
fications 
are met. 


The DAC729 
is an 18-bit digital-to-analog 
converter 
sys- 
tem, including a precision reference, low noise, fast settling 
operational 
amplifier, 
and an 
18-bit current 
source/DAC 
chip contained 
in a hermetic 
40-pin 
ceramic 
dual-in-line 
package. Refer to Figure II for a schematic diagram of the 
DAC729. 


THE INTERNAL 
REFERENCE 


The reference consists of a very low temperature 
coefficient 


closed-loop 
reference 
zener circuit that has been tempera- 


ture-drift-compensated 
by laser-trimming 
a zener current to 
achieve less than IppmrC 
temperature 
drift of V REF' 


By strapping 
pin 32 (Reference 
Out) to pin 31 (Reference 
In), the DAC 
will be properly 
biased 
from the internal 
reference. The internal reference may be fine adjusted using 
pin 35 as shown in Figure 7. The reference 
has an output 
buffer that will supply 4mA for use external to the DAC729. 
This load must remain constant because changing 
load on 
the reference may change the reference current to the DAC. 


In systems where several components 
need to track the same 


system reference, the DAC729 may be used with an external 
IOV reference, 
however, 
the internal 
reference 
has lower 
noise 
(6~Vp-p) 
and better 
stability 
than other references 


available. 


To support a DAC of this accuracy, the operational amplifier 
must 
have 
a maximum 
gain-induced 
error 
of less than 


1/3LSB, independent 
of output swing (the op amp must be 
linear!) To support 
15 bits (I/2-bit 
linearity), 
the op amp 
must have a gain of 130,OOOVN. For 18 bits, the minimum 


gain is well over 500,OOOVN. Since thermal feedback is the 
major limitation 
of gain for mono op amps, the amplifier 
was designed 
as a high gain, fast settling mono op amp, 


followed by a monolithic, unity-gain current buffer to isolate 
the thermal effects of external 
loads from the input stage 
gain transistors. 
The op amp and buffer are separated 
from 
the DAC chip, minimizing 
thermally-induced 
linearity 
er- 
rors in the DAC circuit. The op amp, like the reference, 
is 


not dedicated 
to the DAC729. 
The user may want to add a 
network, or select a different amplifier. The DAC729 inter- 
nal op amp is intended to be the best choice for accuracy, 
settling time, and noise. 


THE DAC CHIP 


The heart of the DAC729 is a monolithic 
current source and 
switch integrated circuit. The absolute linearity, differential 
linearity, 
and the temperature 
performance 
of the DAC729 
are the result of the design, 
which 
utilizes 
the excellent 
element matching of the current sources and switch transis- 
tors to each other, and the tracking 
of the current 
setting 
resistors 
to the feed back resistors. 
Older discrete 
designs 
cannot 
achieve 
the performance 
of this monolithic 
DAC 
design. 


The two most significant 
bits are binarily 
weighted 
inter- 
digitated current sources. The currents for bits 3 through 18 
are scaled with both current source weighting 
and an R-2R 
ladder. The circuit design is optimized for low noise and low 
superposition 
error, 
with the current 
sources 
arranged 
to 
minimize 
both code-dependent 
thermal errors and IR drop 
errors. As a result, the superposition 
errors are typically less 


than 20~V. 


The DAC chip is biased from a servo amplifier feeding into 
the base line of the current sources. This servo amplifier sets 
the collector current to be mirrored and scaled in the DAC 
chip current sources, as shown in Figure 11. The reference 
current for the servo is established 
by the reference 
voltage 
applied to pin 31 feeding an internal resistor (20kQ) to the 
virtual ground of the servo amplifier. 


DISCUSSION 
OF SPECIFICATIONS 


DIGITAL INPUT CODES 


The DAC729 accepts complementary 
digital input codes in 
either binary format (CSB for Unipolar or COB for Bipolar; 
see Table I). 
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COMPLIANCE 
VOLTAGE 


Linearity 
This specification 
describes one of the most important mea- 
sures of performance 
of a 01A converter. 
Linearity error is 


the deviation 
of the analog 
output 
versus 
code 
transfer 
function from a straight line drawn through the end points 
(all bits ON point and all bits OFF point). 


Differential 
Linearity 
Error 


Differential 
Linearity Error (OLE) of a 01A converter is the 


deviation from an ideal ILSB change in the output from one 
adjacent output state to the next. A differential 
linearity error 


specification 
of ±1/2LSB 
means that the output step sizes 


can be between 1/2 LSB and 3/2LSB when the input changes 
from one adjacent input state to the next. A negative OLE 
specification 
of no more than -ILSB 
(--D.OOI5% for 16-bit 
resolution) 
insures monotonicity 
to 16 bits. 


Monotonicity 
Monotonicity 
assures that the analog output will increase or 
remain 
the same for increasing 
input digital 
codes. 
The 


OAC729KH 
is specified to be monotonic to 16 bits over the 


entire specification 
temperature 
range. 


DRIFT 


Gain Drift 
Gain drift is a measure of the change in the full-scale range 
output over temperature 
expressed 
in parts per million per 
degree centigrade 
(ppm/"C). Gain drift is measured 
by: (I) 


testing the end point differences 
for each O/A at tMIN, +25°C, 


and tMAX; 
(2) calculating 
the gain error with respect to the 


+25°C value; and (3) dividing by the temperature 
change. 


Offset Drift 


Offset drift is a measure 
of the change in the output with 
3FFFFH 
applied 
to the digital 
inputs 
over 
the specified 
temperature 
range. The maximum change in offset at tM1N or 


tMAX is referenced to the offset error at +25°C and is divided 
by the temperature 
change. This drift is expressed 
in parts 


per million of full-scale range per degree centigrade (ppm of 
FSRrC). 


SETTLING 
TIME 


Settling time of the DIA is the total time required 
for the 


analog output to settle within an error band around its final 
value after a change in digital input. Settling time includes 
the slew time of the op amp. 


Voltage 
Output 


Settling 
times 
are specified 
to ±O.OO076% of FSR scale 


range change 
of 20V (COB) or IOV (CSB) and a ILSB 


change at the "major carry," the point at which the worst- 
case settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to the 
next.) 


Current 
Output 


SeWing limes are specified 
10 ±O.OOO76%of FSR for a full- 
scale range change with an output load resistance 
of 10Q. 


Compliance 
voltage applies only to the current output mode 


of operation. 
It is the maximum 
voltage swing allowed on 


the output 
current 
pin while still being able to maintain 


specified 
linearity. 


Power 
supply 
sensitivity 
is a measure 
of the effect 
of a 


change in a power supply voltage on the DIA converter full- 
scale output. It is defined as a percent of FSR change in the 
output per percent of change 
in either the positive 
supply 
(+Vcc)' negative supply (-V cc)' or logic supply (VDJ about 
the nominal 
power 
supply 
voltages 
(see Figure 
I). It is 
specified 
for OC or low frequency 
changes. 
The typical 
performance 
curve in Figure 
I shows 
the effect 
of high" 


frequency 
changes in power supply voltages using internal.- 


reference, 
DAC, and op amp. 
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FIGURE 
I. Power Supply Sensitivity 
vs Frequency 
Using 


Internal Reference and Op Amp. 


For optimum performance 
and noise rejection, power supply 


decoupling capacitors should be added as shown in Figure 2. 
These 
capacitors 
(I~ 
to 
10~ 
tantalum 
recommended) 


should be located at the OAC729. 


EXTERNAL 
OFFSET AND GAIN ADJUSTMENT 


Offset and gain may be trimmed by installing external offset 
and gain potentiometers. 
Connect 
these potentiometers 
as 


shown in Figure 3 and adjust as described 
below. TCR of 


the potentiometers 
should be lOOppm/"C or less. The 3.9MQ 
and 5lOkQ 
resistors 
(20% 
carbon 
or better) 
should 
be 


located close to the DAC729 
to prevent noise pickup. If it 
is not convenient 
to use these 
high-value 
resistors, 
an 
equivalent 
"T" 
network, 
as shown 
in Figure 
4, may be 
substituted 
in place of the 3.9MQ. 
A O.OOI~ 
to 0.01~ 
capacitor should be connected from Gain Adjust (pin 34) to 
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Refer to Figures 5 and 6 for relationship 
of offset and gain 
adjustments 
to unipolar and bipolar D/A converters. 


OFFSET ADJUSTMENT 


For unipolar 
(CSB) configurations, 
apply the digital input 
code that should produce zero potential output and adjust the 
offset potentiometer 
for zero output. 


For bipolar 
(COB) configurations, 
apply the digital 
input 


code that should 
produce 
the maximum 
negative 
output 


voltage. See Table II for corresponding 
codes and Figures 2 


and 3 for offset adjustment connections. 
Offset adjust should 
be made prior to gain adjust. 


4 


5 


6 


18-Bil 
DAC 


10 


11 


12 


13 


14 


15 


16 


17 


18 


+SV VLOG1C 
19 


l~F 
20 


Digital Common 


For 
either 
unipolar 
or bipolar 
configurations, 
apply 
the 
digital input that should give the maximum 
positive output 
voltage. Adjust the gain potentiometer 
for this positive full- 
scale voltage. 
See Table II for positive full-scale 
voltages 


and Figure 3 for gain adjustment 
connections. 


OUTPUT 
CONNECT CONNECT CONNECT 
GAIN ADJUST 


RANGE 
CODE 
PIN 23 
PIN 31 
PIN 24 
16-BITS 
18-BrrS 


±10V 
COB 
to Pin 25 
10 Pin 26 
to Pin 29 
9.9969V 
9.99992V 
±5V 
COB 
to Pin 27 
10 Pin 26 
to Pin 29 
4.9998V 
9.99996V 
±2.5V 
COB 
to Pin 27 
10 Pin 26 
to Pins 
2.4992V 
2.49998V 
29 & 25 
01010V 
CSB 
to Pins 
N/C 
10 Pin 29 
9.9998V 
9.99996V 
25 & 26 
Ot05V 
CSB 
to Pins 
N/C 
10 Pin 29 
4.9999V 
4.99998V 


27 & 28 


TABLE 
II. Output 
Range 
Connections 
and Gain Adjust 
Voltage. 


40 
40 


39 
39 


38 
38 


37 
4 
37 


36 
5 
36 
Gain Adjusl 


35 
35 
+Vcc 


34 
2701<0 
34 
¥101<Oto 


(I) 
100k0 


33 
Reference 
Common 
33 
~0.0022~F 


32 
-Vcc 


10 
31 


11 
30 
+Vcc 


12 
29 
3.9M 
¥101<O1O 
1001<0 


13 
28 


14 
27 
-Vcc 


Offset Adjust 


15 
26 


16 
25 


17 
24 


18 
23 


+15V 
+5V 
19 
22 
+Vcc= 
15V 


21 
20 
21 
-Vee 
= 15V 


The information provided herein is believed to be reliable; howover, 
BURR·BAOWN 
assumes no responsIbility for Inaccuracies or omissions. BURA·BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without 
notice. 
No patent 
rights or licenses 
to any of the circuits described 
herein 
are implied 
or granted 
to any third party. 
BURR·BROWN 
does 
not 
authorize 
or warrant 
any 
BURR-BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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FIGURE 5. Relationship 
of Offset and Gain Adjustments 
for 
a Unipolar D/A Converter. 
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FIGURE 6. Relationship 
of Offset and Gain Adjustments 
for 
a Bipolar D/A Converter. 


The internal reference may be fine adjusted using pin 35 as 
shown in Figure 
7. Adjusting 
the reference 
has a similar 
effect on the DAC as gain adjust, except the transfer charac- 
teristic rotates around bipolar zero for a bipolar connection 
as shown in Figure 8. 


LAYOUT/APPLICATIONS 
SUGGESTIONS 


Obviously, 
the management 
of IR drops, 
power 
supply 
noise, thermal stability, 
and environmental 
noise becomes 


tions problems 
to a large degree. 
The basics 
of "Kelvin 
sensing" and "holy point" grounding will be the most impor- 
tant considerations 
in optimizing 
the absolute 
accuracy 
of 
the system. 
Figure 
9 shows the proper 
connection 
of the 
DAC 
with the holy-point 
ground 
and the Kelvin-sensed- 
output connection 
at the load. 


The DAC729 
has three separate 
supply common 
(ground) 
pins. Reference 
common 
(pin 33) carries the return current 
from the internal 
reference 
and the output 
IN 
converter 
common. The current in pin 33 is stable and independent 
of 
code or load. Digital common 
(pin 20) carries the variable 
currents of the biasing circuits. Analog common (pin 30) is 
the termination 
of the R-2R 
ladder 
and also carries 
the 
"waste current" 
from the off side of the current 
sWitche~-." 
These three ground pins must be star connected 
to syste~ 
ground for the DAC to bias properly and accurately. 
Good 
ground connections 
are essential, because an IR drop of just 
391lV completely 
swamps out a JOV FSR 18-bit LSB. 


When the application 
is such that the DAC must control 
loads of greater than ±5mA with rated accuracy, it is recom- 
mended that an external op amp or op amp buffer combina- 
tion be used to dissipate the variable power external to the 
DAC729. This minimizes 
the temperature 
variations 
on the 
precision 
D/A converter. 
Figure 
JO illustrates 
a method of 
connecting 
the external amplifier for ±IOV operation, 
while 
using an external reference. 


When driving loads to greater than ±JOV, care must be taken 
that the internal resistors are never exposed 
to greater than 
±JOV, and that the summing junction 
is clamped to insure 
that the voltage never exceeds ±5V. Clamping the summing 
junction with diodes (parallel opposing connection) to ground 
will give the best transient response 
and settling times. 


TRUE 18-BIT PERFORMANCE 
(Differential 
Linearity 
Adjustment) 


To take full advantage of the DAC729's 
accuracy, the four 
MSBs have adjustment 
capabilities. 
A simplified schematic 
(Figure 11) shows the internal structure of the DAC current 
source 
and the adjustment 
input terminal. 
The suggested 
network 
for adjusting 
the linearity 
is shown in Figure 
12. 


This circuit has nearly twice the range that is required for the 
DAC729JH. 
The 
range 
is intentionally 
narrow 
so as to 
minimize the effect of temperature drift or stability problems 
in the potentiometers. 
The potentiometers 
are biased in an 
identical 
fashion 
to the internal 
DAC current 
sources 
to 
minimize 
power supply sensitivity 
and drift over tempera- 
ture. Low leakage capacitors 
such as Mylar or Teflon film 
are essential. 


The linearity adjustment 
requires a digital voltmeter with 7 
digits of resolution 
on the JOV range (IIlV resolution) 
and 
excellent 
linearity. 
For the DAC, 
lLSB 
of the OV to 10V 
scale (JO FSR) is 381lV. To be 1/2LSB linear, the measure- 
ment 
must 
resolve 
1911V. The 
meter 
must 
be properly 
calibrated 
and linear to Ippm of range. 
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FIGURE 
8. Effect 
of VREF Adjust 
on a COB Connected 
DAC729. 


40 


39 


38 


37 


36 


35 


34 


33 
Common 


19 


1~F20 


FIGURE 
9. Typical 
Hook-Up 
Diagram 
with "Holy Point" 


Ground and Kelvin Sense Load, Using Internal 
Op Amp and Reference. 


With the DAC connected 
for a to 10V output (Figure 
13), 
the adjustment 
procedure 
is to set the DAC code and mea- 
sure as follows: 


FOURTH 
MSB ADJUSTMENT 
(Pin 36) 


I. Set Code = II 
1100סס ooסס oo 0000 


2. Measure VOlJf 


3. Set Code = II 
1011 1111 1111 1111 


4. Measure VOlJf and record the difference . 


5. Adjust 4th MSB potentiometer 
to make difference +38~V. 


6. Repeat steps I through 5 to confIrm . 


THIRD MSB ADJUSTMENT 
(Pin 37) 


I. Set Code = II 
1000 0000 0000 0000 


2. Measure VOlJf 


3. Set Code = II 0111 Illl 
IIII 
1111 


4. Measure VOlJf and record the difference. 


5. Adjust 3rd MSB potentiometer 
to make difference +38~V. 


6. Repeat steps I through 5 to confIrm. 
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FIGURE 
10. Using an External 
Op Amp with Buffer and 
External Reference for ±IOV Output. 


SECOND 
MSB ADJUSTMENT 
(pin 38) 


1. Set Code = 11סס ooסס ooסס ooסס oo 


2. Measure VOlIT 


3. Set Code = 10 1111 1111 1111 1111 


4. Measure VOUT and record the difference. 


5. Adjust 2nd MSB potentiometer 
to make difference +381N. 


6. Repeat steps 1 through 5 to confirm. 


MSB ADJUSTMENT 
(Pin 39) 


1. Set Code = 10סס ooסס ooסס ooסס oo 


2. Measure VOlIT 


3. SetCode=OI 
1111 IIII 
IIII 
IIII 


4. Measure VOlIT and record the difference. 
_ 


5. Adjust the MSB potentiometer 
to make difference +38IJ.V. 


6. Repeat steps I through 5 to confirm. 


The DAC729 is the DAC of choice for applications 
requir- 
ing very high resolution, accuracy, and wide dynamic range. 


The excellent linearity and differential 
linearity are ideal for 
PCM professional 
audio and waveform 
generation 
applica- 
tions. 
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FIGURE 12. Differential Linearity Adjustment Circuit for the 
4MSBs. 


The DAC729 offers superb dynamic range. Dynamic range 
is a measure of the ratio of the smallest signals the converter 
can produce 
to the full-scale 
range, 
usually 
expressed 
in 
decibels (dB). The theoretical dynamic range of a converter 
is approximately 
6dB per bit. For the DAC729 the theoreti- 
cal range is 108dB! The actual dynamic range is limited by 
noise (signal-to-noise) 
and linearity errors. The DAC729's 
61lV typical noise floor, fast settling op amp, and adjustable 
18-bit linearity minimize 
the limitation. 


Total 
harmonic 
distortion 
(THD) 
is the measure 
of the 
magnitude and distribution 
of the linearity error, differential 
linearity 
error, noise, and quantization 
error. The THD is 
defined 
as the ratio of the square root of the sum of the 
squares of the harmonics 
to the values of the input funda- 
mental 
frequency. 
The rms value of a DAC error can be 
shown to be 


ERMS = j {- ~l 
[EL(i) + EQ(i)J' 


where n is the number of samples in one cycle of any given 
sine wave, EL(i) is the linearity error of the DAC729 at each 
sampling 
point, and EQ(i) is the quantization 
error at each 
sampling point. The THD can then be expressed 
as 


where E rms is the rms signal-voltage 
level. 


This expression 
indicates that, in general, there is a correla- 
tion between the THD and the square root of the sum of the 
squares of the linearity errors at each digital word of interest. 
However. this expression does not mean that the worst-case 
linearity error of the D/A is directly correlated 
to the THD. 


8 
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DAC 
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14 


15 


16 


17 


18 


19 
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The DAC729 
has demonstrated 
THD of 0.0009% 
at full 
scale (at 1kHz). This is the level of distortion that is desired 
to test other professional audio products, making the DAC729 
ideal for professional 
audio test equipment. 


The ability to adjust the linearity of the 4MSBs, the 18-bit 
resolution, 
fast settling 
and low noise give the DAC729 
unmatched 
performance. 


AUTOMATIC 
TEST EQUIPMENT 


The pin functions of the DAC729 are convenient 
for use in 
automatic test equipment systems. The ability to use internal 
or external reference and internal or external op amp means 
versatility 
for the system designer. 
For example, 
in auto- 
matic 
test systems 
with several 
DACs 
and ADCs, 
it is 
desirable to operate all of the high accuracy converters 
from 
the same reference, improving the tracking characteristics 
of 
those 
components 
to one another. 
The 
reference 
in the 
DAC729 is a very stable precision reference, and is suitable 
for use as the system reference. 


Test systems, and other large systems are the ideal applica- 
tion for a DAC of this accuracy, because the DAC will be 
calibrated in the environment 
in which it will be used. Since 
the environment 
is very stable, the manual calibration 
(Fig- 
ure 12) may be adequate. 
However, 
highly automated 
sys- 
tems will go to an automatic 
calibration 
routine. Replacing 
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weights can be measured, and external DACs used to adjust 
the differential 
linearity of the DAC729. 
A successive 
ap- 


proximation 
routine yields the fastest calibration. The output 
voltage of the external DACs will have to be level shifted, 
as the bit adjustment 
potentiometer 
must be able to achieve 
-vcc to give the full adjust range. 


Because the DAC729 feedback resistors have a tolerance of 
±O.I %, the output range can be resealed slightly with small- 
value fixed external resistors to give convenient 
ranges. A 


popular range is OV to +I0.24 V which gives even 5m V steps 
at 11 bits. In this case, the LSB size is 39 .06IlY. Figure 14 
shows how to connect two 240n 
resistors in series with the 


internal 
IOkn 
resistors 
to give a OV to 10.24V full-scale 


range. Another convenient range might be OVto +IO.48576V 
which gives an even 40l-tV LSB step size. 


THE HEART OF AN 18-BIT ACe 


The DAC729 makes a good building block in ADC applica- 
tions. The key to ADC accuracy 
is differential 
linearity of 
the DAC. The ability to adjust to 18-bit linearity, 
coupled 
with the fast settling time of the DAC729 makes the design 
cycle for an 18-bit successive 
approximation 
ADC much 
faster, and the production 
more consistent. Figure 15 shows 


the DAC as the heart of a successive 
approximation 
ADC. 


The clock and successive 
approximation 
register 
could be 


implemented 
in 7400 series TIL, 
as a simple gate-array 
or 
standard cell, or part of a local processor. 


With the DAC out of the way, the comparator is the toughest 
part of the ADC design. 
To resolve 
an 18-bit LSB, and 
interface to a TIL-logic 
device, the comparator 
must have a 


gain of 500kVN 
(5X actual) as well as low hysteresis, 
low 


noise, and low thermally 
induced offsets. With this much 
gain, a slow comparator 
may be desired to reduce the risk of 
instability . 


B-- 
SAR 


excellent buffer for the input signal, giving a very high input 
impedance 
to the signal (minimizing 
IR drop) while main- 


taining the linearity. 
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FIGURE 
14. OV to IO.24V Using Internal 
Op Amp and 
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Microprocessor-Compati 
ble 


12-BIT DIGITAL-TO-ANALOG 
CONVERTER 


• 
SINGLE 
INTEGRATED 
CIRCUIT 
CHIP 


• 
MICROCOMPUTER 
INTERFACE: 
DOUBLE-BUFFERED 
LATCH 


• 
VOLTAGE 
OUTPUT: 
±10V, ±5V, +10V 


• 
MONOTONICITY 
GUARANTEED 
OVER 


TEMPERATURE 


• 
±1/2LSB 
MAXIMUM 
NONLINEARITY 
OVER 
TEMPERATURE 


• 
GUARANTEED 
SPECIFICATIONS 
AT ±12V 
AND ±15V SUPPLIES 


• 
TTU5V 
CMOS-COMPATIBLE 
LOGIC 
INPUTS 


The DAC811 
is a complete, 
single-chip 
integrated- 
circuit, microprocessor-compatible, 
12-bit digital-to- 


analog converter. The chip combines a precision volt- 
age 
reference, 
microcomputer 
interface 
logic, 
and 
double-buffered 
latch, in a 12-bit D/A converter with 
a voltage output amplifier. Fast current switches and a 
laser-trimmed 
thin-film 
resistor 
network 
provide 
a 
highly accurate and fast D/A converter. 


Microcomputer 
interfacing 
is facilitated 
by a double- 
buffered latch. The input latch is divided into three 4- 
bit nibbles to permit interfacing 
to 4-, 8-, 12-, or 16- 
bit buses and to handle right-or left-justified 
data. The 
12-bit data in the input latches 
is transferred 
to the 
D/A latch to hold the output value. 


Input gating logic is designed so that loading the last 
nibble or byte of data can be accomplished 
simulta- 
neously with the transfer of data (previously 
stored in 
adjacent 
latches) 
from adjacent 
input latches to the 
D/A latch. This feature avoids spurious analog output 
values while using an interface 
technique 
that saves 
computer 
instructions. 


The DAC8ll 
is laser trimmed at the wafer level and 
is specified to ±1/4LSB 
maximum 
linearity error (B, 
K, and S grades) at 25°C and ±1/2LSB maximum over 
the temperature range. All grades are guaranteed mono- 
tonic over the specification 
temperature 
range. 


The DAC811 
is available 
in six performance 
grades 
and three package types. DAC811J 
and K are speci- 
fied over the temperature 
ranges 
of O°C to +70°C; 


DAC81lA 
and B are specified over -25°C 
to +8SoC; 


DAC811R and S are specified over -55°C to + 125°C. 
DAC811J 
and K are packaged 
in a reliable 
28-pin 
plastic DIP or plastic SOIC package, while DAC81lA, 
B, R and S are available 
in a 28-pin 0.6" wide dual- 
inline hermetically 
sealed ceramic 
side-brazed 
pack- 
age (H package). 
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SPECIFICATIONS 


DAC811 AH, JP, JU 
DACS"BH, 
KP, KU 
DAC811RH 
DAC8"SH 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUT 
Resolutkln 
12 
Bits 


Codes(') 
USB, BOB 
Digital Inputs Over Temperature 
Range(2) 


""'" 
V,H 
+2 
+15 
VDC 
""'" 
VIL 
0 
+0.8 
VDC 
CO 


IIH. VI :: +2.7V 
+10 
IlA 
0 
Ill' VI = +O.4V 
±20 
IlA 
« 
Digital Interface Timing Over Temperature Range 
I- 


lwp, WR Pulse Width 
50 
;,. 
ns 
0 
tAW1, Nx and LDAC Valid to End of WR 
50 
. 
ns 


tow, Data Valid to End of WR 
80 
ns 


tOH, Data Valid Hold Time 
0 
+10 
ns 


ACCURACY 
Linearity Error 
±1/4 
±1/2 
±1/8 
±1/4 
±1/4 
±1/2 
±1/8 
±1/4 
LSB 


Differential 
Linearity Error 
±112 
±314 
±1/4 
±112 
±1/2 
±314 
±1/4 
±1/2 
LSB 
en 
Gain 
Error(3) 
±O.l 
±0.2 
% 
a:: 
Offset 
Errop3,4) 
±0.05 
±0.15 
% of FSR(5) 
W 
Monotonicity 
Guaranteed 
••• 
Power Supply Sensitivity: 
+Vcc 
±O.OO' 
±0.003 
% of FSRJ%Vcc 
a:: 
-Vec 
±0.002 
±0.006 
% of FSR/%Vcc 


Voo 
±0.0005 
±0.0015 
% of FSR/OfoVOD 
W 


DRIFT (Over Specification 
Temperature 
Range) 
> 
Gain 
±10 
±30 
±10 
±20 
±15 
±30 
±15 
±30 
ppmt'C 
Z 
Unipolar Offset 
±5 
±10 
±5 
±7 
±5 
±10 
±5 
±7 
ppm of FSRf'C 
0 
Bipolar Zero 
±5 
±10 
±5 
±7 
±5 
±10 
±5 
±7 
ppm of FSRf'C 
0 
Linearity Error Over Temperature 
Range 
±'/2 
±314 
±1/4 
±112 
±112 
±314 
±1/4 
±112 
LSB 
Monotonicity 
Over Temperature 
Range 
Guaranteed 
e" 


SETTLING 
TIME(5) (to within ±O.O'O/Oof FSR of Final Value: 21<0load) 
0 
For Full Scale Range Change, 20V Range 
3 
4 
~s 
..J 


10V Range 
3 
4 
~s 
« 
For 1LSB Change at Major Carry!7l 
1 
~s 


Slew 
Rate(61 
8 
,2 
VI~ 
Z 


ANALOG 
OUTPUT 
« 
I 
Voltage Range (±Vcc: 
15V)(81:Unipolar 
o to +10 
V 
0 
Bipolar 
±5,±10 
V 
••• 
Output Current 
±5 
mA 
I 
Output Impedance 
(at DC) 
0.2 
n 
..J 
Short Circuit to Common 
Duration 
Indefinite 


~ 
REFERENCE 
VOLTAGE 


Voltage 
+6.2 
+6.3 
+6.4 
V 


e" 
Source Current Available for External Loads 
+2 
mA 


Temperature 
Coefficient 
±'O 
±30 
±'O 
±20 
±10 
±30 
±'O 
±20 
ppmf'C 
C 
Short Circuit to Common 
Duration 
Indefinite 


POWER SUPPLY 
REQUIREMENTS 


Voltage: +Vcc 
+11.4 
+15 
+16.5 
VDC 
-Vcc 
-1,.4 
-15 
-16.5 
VDC 


Voo 
+4.5 
+5 
+5.5 
VDC 


Current (no load): +Vcc 
+16 
+25 
mA 


-Vcc 
-23 
-35 
mA 


Voo 
+8 
+15 
mA 


Potential at DCOM with Respecl to ACOM(91 
±0.5 
V 


Power Dissipation 
625 
800 
mW 


TEMPERATURE 
RANGE 


Specification: 
J, K 
0 
+70 
·C 


A,B 
-25 
+85 
·C 


R,S 
-<;5 
+150 
·C 


-55 
+125 
·C 


Storage: J, K 
-<;0 
+100 
·C 


A,B,R,S 
-<;5 
+150 
·C 


" Specification 
same as model to immediate 
left. 


NOTES: (1) USB:: unipolar 
slralght 
binary; BOB::: bipolar oNset binary. (2) TIL, LSTIL and 54f74 
He compatible. 
(3) Adjustable 
to zero with external 
trim 


potentiometer. 
(4) Error at input code 00016 for both unipolar and bipolar ranges. (5) FSR means full scale range and is 20V for the ±10V range. (6) Maximum 


represents the 30 limit. Not 100% tested for this parameter. (7) At the major carry, 7FF16 to 80016 and 80016 to 7FF16. (8) Minimum supply voltage required for ±10V 
output swing is ±13.5V. Output swing for ±11.4V supplies is at least -BV to +8V. (9) The maximum voltage at which ACOM and DCOM may be separated without 
affecting accuracy specifications. 
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PIN 
NAME 
FUNCTION 


1 
+VOD 
Logic supply, +5V. 


2 
WR 
Write, command signal to load latches. Logic low 
loads latches. 


3 
LDAC 
Load D/A converter, 
enables WR to load the D/A 
latch. Logic low enables. 


4 
N. 
Nibble A, enables WR 10 load input lalch A (Ihe 
most significant 
nibble). Logic low enables. 


5 
No 
Nibble B, enables WR to load input latch B. Logic 
low enables. 


6 
No 
Nibble C, enables WR to load input lalch C (Ihe 
least significant 
nibble). Logic low enables. 


7 
0" 
Data bit 12, MSB, positive true. 


8 
0" 
Data bill1. 


9 
0, 
Dala bit 10. 


10 
0, 
Dala bit 9. 


11 
0, 
Data bil8. 


12 
0, 
Data bit 7. 


13 
0, 
Data bit 6. 


14 
0, 
Data bit 5. 


15 
DCOM 
Digital common. Voa supply return. 


16 
Do 
Data bit 1, LSB. 


17 
0, 
Data bit 2. 


18 
0, 
Data bit 3. 


19 
03 
Data bit 4. 


20 
+Vcc 
Analog supply input. +15V or +12V. 


21 
-Vcc 
Analog supply inpul, -15V 
or -12V. 


22 
Gain Adj 
To externally 
adjust gain. 


23 
ACOM 
Analog common, ±Vcr:,supply return. 


24 
Vwr 
D/A converter voltage output. 


25 
10V Range 
Connect to pin 24 for 10V range. 


26 
SJ 
Summing junction of output amplifier. 


27 
BPO 
Bipolar offset. Connect to pin 26 for bipolar 
operation. 


28 
Ref Out 
6.3V reference output. 


MILS (0,001") 


Die Size 
134 x 128 
Min. Pad Size 
4x4 


+vcc.. 
. 
0 to +18V 


-Vcc 
to ACOM . 
. 
0 10 -18V 


Voo to DCOM 
. 
0 to +7V 


Voo to ACOM . 
. 
±7V 
ACOM to DCOM.. 
. 
±7V 


Digitallnpuls 
(Pins 2-14,16-19) 
10 DCOM. 
. 
-{).4V 
10 +18V 
External Vollage Applied 10 10V Range ResiSlor 
±12V 


Ref Out 
Indefinite Short to ACOM 
External Vollage Applied 10 DAC Oulpul 
-5V to +5V 
Power Dissipation 
. 
1000mW 
Lead Temperature 
(soldering, 
10s) 
+3000C 


Max Junction Temperature.. 
. 
+165°C 


Thermal 
Resistance, 
6J_A: Plastic DIP and sOle 
100°CIW 
Ceramic 
DIP. 
. 
65°CIW 


NOTE: Stresses above those listed above may cause permanent damage 
to the device. 
Exposure 
to absolute 
maximum 
conditions 
for extended 
periods may affect device reliability. 


LINEARITY 
GAIN 


TEMPERATURE 
ERROR, MAX 
DRIFT 


MODEL 
PACKAGE 
RANGE (OC) 
AT +25°C 
(ppmf'C) 


DAC811JP 
Plastic DIP 
010 +70 
±1/2LSB 
30 


DAC811JU 
Plastic SOIC 
010 +70 
±1/2LSB 
30 


DAC811KP 
Plaslic DIP 
010 +70 
±1/4LSB 
15 
DAC811KU 
Plastic SOIC 
010 +70 
±1/4LSB 
15 
DAC811AH 
Ceramic 
OJP 
-25 to +85 
±1I2LSB 
30 
DAC811BH 
Ceramic DIP 
-25 to +85 
±1I4LSB 
15 
DAC811RH 
Ceramic DIP 
-55 to +125 
±II2LSB 
30 
DAC811SH 
Ceramic 
DJP 
-55 to +125 
±1I4LSB 
20 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


DAC8t1AH 
28-Pin Side-Bra,ed 
DIP 
149 


DAC811BH 
28-Pin Side-Bra2ed 
DIP 
149 


DAC811RH 
28-Pin Side-Bra2ed 
DIP 
149 


DAC811SH 
28-Pin Side-Bra2ed DIP 
149 


DAC811JP 
28-Pin Plastic DIP 
215 
DAC811KP 
28-Pin 
Plastic 
DIP 
215 
DAC811JU 
28-Pin SOIC 
217 


DAC811KU 
28-Pin SOIC 
217 
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DISCUSSION OF 
SPECIFICATIONS 


INPUT CODES 


The 
DAC811 
accepts 
positive-true 
binary 
input 
codes. 


DAC811 
may be connected 
by the user for anyone 
of the 


following 
codes: USB (unipolar straight binary), BOB (bi- 
polar offset binary) 
or, using an external 
inverter 
on the 


MSB line, BTC (binary two's 
complement). 
See Table I. 


DIGITAL INPUT 
ANALOG 
OUTPUT 


USB 
BOB 
BTC' 
Unipolar 
Bipolar 
Binary 


MSB 
LSB 
Straight 
Offset 
Two's 


J. 
J. 
Binary 
Binary 
Complement 


111111111111 
+ Full Scale 
+ Full Scale 
-1LSB 
100000000000 
+ 1/2 Full Scale 
Zero 
- Full Scale 
0111111'111' 
+ 1/2 Full Scale - 1LSB 
-1LSB 
+ Full Scale 
000000000000 
Zero 
- Full Scale 
Zero 


* Invert MSB 
of the BOB code with external 
inverter 
to obtain BTe code. 


LINEARITY 
ERROR 


Linearity 
error as used in D/A converter 
specifications 
by 


Burr-Brown 
is the deviation 
of the analog output 
from a 
straight line drawn between the end points (inputs all Is and 
all Os). The DAC811 linearity error is specified at ±1/4LSB 
(max) at +25°C for Band 
K grades, and ±1/2LSB (max) for 
A, J, and R grades. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
linearity 
error (DLE) is the deviation 
from a 


ILSB output change from one adjacent state to the next. A 
DLE specification 
of 1/2LSB means that the output step size 


can range from 1/2LSB to 3/2LSB when the input changes 
from one state to the next. Monotonicity 
requires that DLE 
be less than ILSB over the temperature 
range of interest. 


MONOTONICITY 


A D/A converter 
is monotonic if the output either increases 


or remains the same for increasing digital inputs. All grades 
of DAC811 are monotonic over their specification 
tempera- 
ture range. 


DRIFT 
•• 
Gain drift is a measure of the change in the full scale range 
(FSR) output over the specification 
temperature 
range. Drift 


is expressed in parts per million per degree centigrade 
(ppm/ 
°C). Gain drift is established 
by testing the full scale range 


value (e.g., +FS minus -FS) at high temperature, 
+25°C, and 


low temperature, 
calculating 
the error with respect 
to the 


+25°C value, and dividing by the temperature 
change. 


Unipolar 
offset drift is a measure 
of the change 
in output 


with all Os on the input over the specification 
temperature 


range. Offset is measured 
at high temperature, 
+25°C, and 


low temperature. 
The offset drift is the maximum change in 


offset referred to the +25°C value, divided by the tempera- 
ture change. It is expressed 
in parts per million of full scale 
range per degree centigrade 
(ppm of FSRfC). 


Bipolar zero drift is measured at a digital input of 80016, the 
code that gives zero volts output for bipolar operation. 


SETTLING 
TIME 


Settling time is the total time (including 
slew time) for the 


output to settle within an error band around its final value 
after a change in input. Three settling times are specified to 
±O.OI% of full scale range (FSR): two for maximum 
full 


scale range changes of 20V and IOV, and one for a ILSB 
change. The ILSB change is measured 
at the major carry 


(7FF16 to 80016 and 80016 to 7FF16), 
the input transition 
at 


which worst-case 
settling time occurs. 


REFERENCE 
SUPPLY 


DAC81l 
contains an on-chip 6.3V reference. 
This voltage 


(pin 28) has a tolerance of±O.IV. 
The reference output may 


be used to drive external loads, sourcing at least 2mA. This 
current should be constant for best performance 
of the D/A 


converter. 


POWER 
SUPPLY 
SENSITIVITY 


Power 
supply 
sensitivity 
is a measure 
of the effect of a 


power 
supply change 
on the D/A converter 
output. 
It is 


defined 
as a percent of FSR output change per percent of 
change 
in either 
[he posiIive, 
negaIive, 
or logic 
supply 


voltages about the nominal voltages. Figure I shows typical 
power supply rejection versus power supply ripple frequency. 
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'Og' 
~ g 
01 
~a 
~ g- 
8.(1) 
a: 1;; 0.01 
(I) 
i< 
u. 
0 
_0- 
0 _ 
_ 
0 


~ g, 0.001 
., '" 
O-~ 
() 


FIGURE I. Power Supply Rejection vs Power Supply Ripple 
Frequency. 


DAC811 is a complete single IC chip 12-bit D/A converter. 
The chip contains a 12-bit D/A converter, voltage reference, 
output amplifier, and microcomputer-compatible 
input logic 


as show~ in Figure 2. 


INTERFACE 
LOGIC 


Input latches 
A, B, and C hold data temporarily 
while a 


complete 
12-bit word is assembled 
before loading into the 
D/A register. This double-buffered 
organization prevents the 
generation of spurious analog output values. Each register is 
independently 
addressable. 


These input latches are controlled by NA, NB~' 
and WR. 


NA, NB, and Nc are internally NORed with WR so that the 
input latches transmit data when both NA (or NB, Nc) and 
WR are at logic O. When either NA, (NB, Nc) or WR go to 
logic I, the input data is latched into the input registers and 
held until both NA (or NB, Nc) and WR go to logic O. 


The D/A latch is controlled 
by LDAC and WR. LDAC and 
WR are internally NORed so that the latches transmit data to 
the D/A switches when both LDAC and WR are at logic O. 
When either LDAC or WR are at logic I, the data is latched 
in the D/A latch and held until LDAC and WR go to logic O. 


All latches are level-triggered. 
Data present when the con- 
trol signals are logic 0 will enter the latch. When anyone 
of 
the control 
signals returns to logic 
I, the data is latched. 


Table II is a truth table for all latches . 


WR 
N. 
N. 
Nc 
LDAC 
OPERATION 


1 
X 
X 
X 
X 
No operation 
0 
0 
1 
1 
1 
Enables input latch 4MSBs 
0 
1 
0 
1 
1 
Enables 
input latch 4 middle bits 
0 
1 
1 
0 
1 
Enables 
input latch 4LSBs 


0 
1 
1 
1 
0 
Loads D/A latch trom input latches 


0 
0 
0 
0 
0 
Makes 
all latches transparent 


·X" :: Don't care. 


GAIN AND OFFSET 
ADJUSTMENTS 


Figures 3 and 4 illustrate the relationship 
of offset and gain 
adjustments 
to unipolar and bipolar D/A converter 
output. 


OFFSET 
ADJUSTMENT 


For unipolar 
(USB) configurations, 
apply the digital input 
code that should produce zero voltage output, and adjust the 
offset 
potentiometer 
for zero output. 
For bipolar 
(BOB, 


BTC) configurations, 
apply the digital input code that should 


produce 
the maximum 
negative 
output voltage 
and adjust 
the offset potentiometer 
for minus full scale voltage. 
Ex- 
ample: 
If the full scale range is connected 
for 20V, the 
maximum negative output voltage is -JOV. See Table III for 
corresponding 
codes. 


R.PO 


27 
BPO 


26 
SJ 


RF 


25 
10V 
Range 
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All Bits 
logic 1 


,\ 
i 
i 
T 
Digital Input 


Offset Adjust Translates 
the Line 


FIGURE 
3. Relationship 
of Offset and Gain Adjustments 


for a Unipolar D/A Converter. 


+ 
.--l 


+FuliScale 
~ 
/:> 


,lSB 
)(,/,/ 
t 


/)'{ 
/ 
Range of 


All Bits 
Full Scale 
, 
'/) 
( 
Gain Adjust 


Logic 0 
Range 
///'~/ 
Gain Adjust 
'[ 
\ 
,',',' 
Rotates 
the Line 
- 
'" 
<5 
f-+-t-i 
, : ' 
H-+-1 
i 
BlpolarV 


r 


,-:~\ 
\ 
< 
Offset 
, ~ ~.... 
MSB on All 
All Bits 
~... 
Others Off 
Logic 1 
~ 
Range 
of 
~~ 


Offset AdJust/~ 


Offset Ad) j 
/-Full Scale 


Translates 
- 


the Line T 
z ±0.4% 
Digital Input 


FIGURE 4. Relationship 
of Offset and Gain Adjustments 


for a Bipolar D/A Converter. 


ANALOG OUTPUT 


DIGITAL INPUT 
o to +,ov 
±5V 
±,ov 


MSB 
lSB 
~ 
~ 


"1"11"1" 
+9.9976V 
+4.9976V 
+9.9951V 
'00000000000 
+5V 
OV 
OV 
01"11"1"1 
+4.9976V 
-o.0024V 
-o.0049V 
000000000000 
OV 
-5V 
-10V 
lSB 
2.4mV 
2.44mV 
4.88mV 


For either 
unipolar 
or bipolar 
configurations, 
apply 
the 
digital input that should give the maximum positive voltage 
output. Adjust the gain potentiometer 
for this positive full 
scale voltage. See Table III for positive full scale voltages. 


±12V OPERATION 


The DAC811 is fully specified for operation on ±12V power 
supplies. However, in order for the output to swing to ± JOV, 
the power supplies must be ±13.5V or greater. When oper- 
ating with ±12VB 
supplies, 
the output 
swing 
should 
be 
restricted 
to ±8V in order to meet specifications. 


LOGIC INPUT COMPATIBILITY 


The DAC811 digital inputs are TTL, LSTTL, and 54n4HC 
CMOS-compatible 
over the operating 
range of VDD. The 
input switching threshold remains at the TLL threshold over 
the supply range. 


The logic input current over temperature 
is low enough to 
permit 
driving 
the DAC811 
directly 
from the outputs 
of 
4000B and 54n4C CMOS devices. 


Resistors 
of 47kn-l'houlc!.J?e 
placed 
in series 
withDO. 
through DII, WR,NA,NB, 
NcandLDAC 
if edges are <JOns 
or if the logic input is driven below ground by undershoot. 


For optimum performance 
and noise rejection, power supply 


decoupling capacitors should be added as shown in Figure 5. 


These capacitors 
(Jill' 
tantalum 
recommended) 
should be 


located close to the DAC811. 


Connect for 
28 
Bipolar Operation 


---,/ 
I 
,Mn 
BPO 


Summing 
Junction 


Gain Adjust 


-Vcc 


FIGURE 
5. Power Supply, Gain, and Offset Potentiometer 
Connections. 
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rerurns to permIt optimum 
connections 
for low noise and 
high speed performance. 
The analog common (pin 23) and 
digital common (pin 15) should be connected together at one 
point. Separate 
returns minimize 
current flow in low level 


signal paths if properly connected. 
Logic return currents are 
not added 
into the analog 
signal 
return 
path. 
A ±O.5V 
difference 
between 
ACOM 
and DCOM 
is permitted 
for 
specified 
operation. 
High frequency 
noise on DCOM with 
respect to ACOM may permit noise to be coupled through to 
the analog output; 
therefore, 
some caution 
is required 
in 
applying these common connections. 


The Analog Common 
is the high quality return for the D/A 
converter 
and should be connected 
directly 
to the analog 
reference point of the system. The load driven by the output 
amplifier should be returned to the Analog Common. 


EXTERNAL 
OFFSET AND GAIN ADJUSTMENT 


Offset 
and Gain may be trimmed 
by installing 
external 
Offset and Gain potentiometers. 
Connect these potentiom- 
eters 
as shown 
in Figure 
5. TCR 
of the potentiometers 
should be lOOppmjOC or less. The lMil 
and 3.9MQ resis- 
tors (20% carbon or better) should be located close to the 
DAC811 to prevent noise pickup. If it is not convenient 
to 
use these high value resistors, an equivalent "T" network, as 
shown in Figure 6, may be substituted 
in each case. The 
Gain 
Adjust 
(pin 22) is a high 
impedance 
point 
and a 
O.OOIIJFto 0.011JF ceramic capacitor 
should be connected 
from this pin to Analog Common to reduce noise pickup in 
all applications, 
including those not employing external gain 
adjustment. 
Excessive 
capacitance 
on the Gain Adjust or 
Offset Adjust pin may affect slew rate and settling time. 


100kO 
100kO 


~ 


180kO 
1800 


~ 


OUTPUT 
RANGE 
CONNECTIONS 


Internal scaling resistors 
provided 
in the DAC811 
may be 
connected to produce bipolar output voltage ranges of ± IOV 
and ±5V or a unipolar output voltage range of 0 to +lOV. 
The 20V range (± 10V bipolar range) is internally connected. 
Refer to Figure 
7. Connections 
for the output ranges 
are 
listed in Table IV. 


OUTPUT 
DIGITAL 
CONNECT 
CONNECT 
RANGE 
INPUT CODES 
PIN 25 TO 
PIN 27 TO 


010 +10V 
USB 
24 
23 
±s 
BOB or BTC 
24 
26 
±10V 
BOB or BTC 
NC 
26 


MICROCOMPUTER 
BUS INTERFACING 


The DAC811 interface logic allows easy interface to micro- 
computer 
bus structures. The control signal WR is derived 
from 
external 
device 
select 
logic 
and the I/O Write 
or 
Memory Write (depending 
upon the system design) signals 
from the microcomputer. 


The latch enable lines NA, Na, Nc and LDAC 
determine 
which of the latches are enabled. It is permissible 
to enable 
two or more latches simultaneously, 
as shown in some of the 
following 
examples. 


The double-buffered 
latch permits data to be loaded into the 
input latches of several DAC811s 
and later strobed into the 
D/A latch of all D/As, simultaneously 
updating 
all analog 
outputs. All the interface schemes shown below use a base 
address 
decoder. 
If blocks of memory 
are used, the base 
address decoder can be simplified 
or eliminated 
altogether. 


For instance, 
if half the memory 
space is unused, 
address 
line A 15 of the microcomputer 
can be used as the chip select 
control. 


An interface to a 4-bit microcomputer 
is shown in Figure 8. 


Each DAC811 occupies four address locations. A 74LS139 
provides the two-to-four 
decoder and selects it with the base 
address. 
Memory 
Write 
(WR) 
of the 
microcomputer 
is 
connected 
directly to the WR pin of the DAC811. 
An 8205 
decoder is an alternative 
to the 74LS139. 
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justified data formats, as illustrated in Figure 9. When a 12- 
UtlU 


DB 


bit OfA converter 
is loaded from an 8-bit bus, two bytes of 
D1 
data are required. 
Figures 
10 and II 
show an addressing 
DB1 


D9 
scheme for right-justified 
and left-justified data respectively. 


D2 
The base address 
is decoded 
from the high-order 
address 
DB2 


bits. Ao and AI address the appropriate 
latches. Note that 
D10 


adjacent 
addresses 
are used. For the right-justified 
case, 
D3 


XlO16 loads the 8LSBs, and XOl16 loads the 4MSBs 
and 


DB3 
,... 
D11 
simultaneously 
transfers 
input latch data to the OfA latch. 
,... 


DB4 
D4 
CO 
Addresses 
XOOl6 and X1116 are not used. 
~ 
0 
g- DBS 
DS 
10 
< 
Left-justified 
data is handled in a similar manner, shown in 
0 
0 
§ 
DB6 
D6 
<l 
C 
Figure 
II. The OAC811 
still occupies 
two adjacent 
loca- 
c 


tions in the microcomputer's 
memory map. 
::1 
DB? 
D? 


DBO 


DB1 


DB2 


~ 
"-E 
~ 


DB3 


::1 


WR 


AN 


A, 


A, 


Ao 


LDAC 


A, 
Y, 


Ao 
v, 
5 
Na 


1/2 
Yo 
4 
N;; 
?4LS139 
6 


DO 


D4 


DB 


D1 


DS 


D9 


D2 


D6 


D10 


D3 
.. 
D? 
0 
<l 
C 
D11 


14 
D4 


DBO 
DS 


D6 


DB1 


D? 


DB 


DB2 


DO 


D9 


DB3 
D1 


~ 
DB4 
D10 


g- 
DBS 
D2 .. 


0 


D11 ~ 
" 
DB6 
§ 
c 


::1 
DB? 
D3 


FIGURE 
8. Addressing 
and Control 
for 4-Bit Microcom- 


puter Interface. 


~~ 


a. Right-Justified 


~~ 


b. Left-Justified 
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For Immediate Assistance, Contact Your Local Salesperson 


INTERFACING 
MULTIPLE 
DAC811s 


IN 8-BIT SYSTEMS 


Many applications, 
such as automatic 
test systems, require 
that the outputs of several DfA converters be updated simul- 
taneously. The interface shown in Figure 12 uses a 74LS138 
decoder to decode a set of eight adjacent addresses, to load 
the input latches of four DAC811s. 
The example 
shows a 
right-justified 
data format. 


A ninth address using A3 causes all DAC81ls 
to be updated 


simultaneously. 
If a particular 
DAC811 
is always 
loaded 


last-for 
instance, DfA #4-A3 
is not needed, thus saving 
eight address spaces for other uses. Incorporate 
A3 into the 
base 
address 
decoder, 
remove 
the inverter, 
connect 
the 
common LDAC line to Nc ofDfA #4, and connect Dl of the 
74LS138 
to +5V. 


12- AND 16-BIT MICROCOMPUTER 
INTERFACE 


For this application, 
the input latch enable lines, NA, NB and 


Nc are tied low, causing the latches to be transparent. 
The 
DfA latch, and therefore DAC81l, 
is selected by the address 


decoder and strobed by WR. 


x 
X 
X 
X ~11~WO~ O~ 
01 00 O~ ~ OJ O~ 01 O~ 


a,Ri~nl·Jus~eO 


~11~WO~ O~ 01 DO O~ 04 
OJ O~ 01 00 X 
X 
X 
X 


~,le~·Jus~neO 


ADDRESS 
BUS 
A3 
A2 
Al 
AO 
OPERATION 


0 
0 
0 
0 
Load 8 LSB - D/A #1 


0 
0 
0 
1 
Load 4 MSB - D/A #1 


0 
0 
, 
0 
Load 8 MSB - D/A #2 


0 
0 
, 
, 
Load 4 MSB - D/A #2 


0 
1 
0 
0 
Load 8 MSB - D/A #3 


0 
1 
0 
, 
Load 4 MSB - D/A #3 


0 
1 
1 
0 
Load 8 MSB - D/A #4 


0 
1 
1 
1 
Load 4 MSB - D/A #4 
, 
X 
X 
X 
Load D/A Latch-All 
D/A 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. BURR·BROWN 
assumes 


no responsibility for the use of this information, and all use of sUcfllnformation 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR·BROWN 
product for use in life support devices 
and/or systems. 
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Microprocessor-Compati 
ble 
12-BIT DIGITAL-TO-ANALOG 
CONVERTER 


• 
±1/2LSB 
NONLINEARITY 
OVER 
TEMPERATURE 


• 
GUARANTEED 
MONOTONIC 
OVER 
TEMPERATURE 


• 
LOW POWER: 
270mW typ 


• 
DIGITAL 
INTERFACE 
DOUBLE 
BUFFERED: 
12 AND 8 + 4 BITS 


• 
SPECIFIED 
AT ±12V AND ±15V POWER 
SUPPLIES 


• 
RESET 
FUNCTION 
TO BIPOLAR 
ZERO 


• 
0.3" WIDE DIP AND SO PACKAGES 


The DAC813 is a complete monolithic 
l2-bit digital- 
to-analog converter with a flexible digital interface. It 
includes a precision + JOV reference, interface control 
logic, double-buffered 
latch and a l2-bit 
D/A con- 


verter with voltage output operational 
amplifier. 
Fast 
current switches and laser-trimmed 
thin-film resistors 
provide a highly accurate, fast D/A converter. 


Digital interfacing 
is facilitated 
by a double buffered 
latch. The input latch consists of one 8-bit byte and 
one 4-bit nibble to allow interfacing 
to 8-bit (right 
justified 
format) 
or l6-bit 
data buses. 
Input gating 


logic is designed so that the last nibble or byte to be 
loaded can be loaded simultaneously 
with the transfer 
of data to the 0/A latch saving computer instructions. 


A reset 
control 
allows 
the DAC813 
D/A 
latch 
to 
asynchronously 
reset the D/A output to bipolar zero, a 


feature useful for power-up reset, recalibration, 
or for 
system re-initialization 
upon system failure. 


The DAC813 
is specified 
to ±1/2LSB 
maximum 
lin- 
earity error (J, A grades) and ±1/4LSB (K, B grades). 
It is packaged 
in a 28-pin 
0.3" wide ceramic 
DIP 


(--40°C to +85°C 
specification 
temperature 
range), 


28-pin 0.3" wide plastic DIP and 28-lead plastic SO 
(O°C to +70°C). 


BPa 
24.9kn 


20V Span 
25kn 


20V Span 
25kn 


VOIJT 
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DAC813AH, 
JP, JU. AU 
DAC813BH, 
KP, KU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 


Resolution 
12 
Bits 
Codes(1) 
USB,BOB 
Digital Inputs Over Temperature 
Range(2) 


V1H(3) 
+2 
+5.5 
VDC 
VIL 
0 
+0.8 
VDC 


DATA Bits, WR, Resel, LDAC, LMSB, LLSB 
±10 
~A 


I'H 
VIN", 
+2.7V 
±10 
~A 


III 
VIN 
'" +OAV 


ACCURACY 
Linearity Error 
±1/4 
±112 
±118 
±1/4 
LSB 


Differential 
Linearity Error 
I 
±112 
±314 
±1/4 
±1/2 
LSB 


Gain Error(4) 
±0.05 
±O.2 
% 


Unipolar Offset Error(5) 
±0.01 
±O.02 
% of FSR(7) 


Bipolar Zero Error(6) 
±0.02 
±O.2 
% of FSR 
Monotonicity 
Guaranteed 
Power Supply Sensitivity: 
+Vcc 
20V Range 
5 
10 
ppm of FSR/% 
-Vcc 
1 
10 
ppm of FSR/% 


DRIFT 
Over Specification 


Gain 
Temperature 
Range 
±5 
±30 
±15 
ppml°C 


Unipolar Offset 
±1 
±3 
±3 
ppm of FSR/"C 
Bipolar Zero 
±3 
±10 
±5 
ppm of FSR/"C 
Linearity Error Over Temperature 
Range 
±112 
±314 
±1/4 
±112 
LSB 


Monotonicity 
Over Temperature 
Range 
Guaranteed 


SETILING 
TIMEt" 
(To Within ±0.01% of 


FSR of Final Value; 5kQ II 500pF load) 


For Full Scale Range Change 
20V Range 
4.5 
6 
~s 


10V Range 
3.3 
5 
~s 


For 1LSB Change at Major Carry!") 
2 
~s 
Slew Rate 
10 
VII'S 


ANALOG 
OUTPUT 


Voltage Range: 
Unipolar 
±Vcc >±11.4V 
o to +10 
V 


Bipolar 
±Vcc > ±11.4V 
±5, ±10 
- 
V 
Output Current 
±5 
mA 
Output Impedance 
At DC 
0.2 
n 
Short Circuit to Common 
Duration 
Indefinite 


REFERENCE 
VOLTAGE 


Voltage 
+9.95 
+10 
+10.05 
V 
Source Current Available for External Loads 
5 
mA 
Impedance 
2 
n 


Temperature 
Coefficient 
±5 
±25 
ppml"C 
Short Circuit to Common Duration 
Indefinite 


POWER SUPPLY 
REQUIREMENTS 


Voltage: 
+Vcc 
+11.4 
+15 
+16.5 
VDC 
-Vcc 
-11.4 
-15 
-16.5 
VDC 
Current: 
+Vcc + Vl 
No Load 
13 
15 
mA 
-Vcc 
No Load 
-5 
-7 
mA 
Potential at DCOM with Respect to ACOM(10j 
-3 
+3 
V 


Power Dissipation 
270 
330 
mW 


TEMPERATURE 
RANGE 


Specification: 
J, K 
0 
+70 
·C 
A,B 
-40 
+85 
°C 
Operating: 
J, K 
-40 
+85 
°C 
A,B 
-55 
+125 
°C 
Storage: 
J, K 
-60 
+100 
°C 
A,B 
-65 
+150 
°C 


·Same as specification 
for DAC813AH, 
JP, JU. 
NOTES: (1) USB = Unipolar Straight Binary; BOB = Bipolar Offset Binary. (2) TrL and 5V CMOS compatible. (3) Open DATA input lines will be pulled above +5.5V. 
See discussion 
under LOGIC INPUT COMPATIBILITY 
in the OPERATION 
section. 
(4) Specified 
with 500n 
Pin 6 to 7. Adjustable 
to zero with external 
trim 


potentiometer. 
(5) Error at input code OOOHEX for unipolar mode, FSR = 10V. (6) Error at input code 800HEX for bipolar range. Specified with 100n Pin 6 to 4 and 
with soon pin 6 to 7. See page 9 for zero adjustment 
procedure. 
(7) FSR means Full Scale Range and is 20V for the ±10V range. (8) Maximum represents 
the 
30 limit. Not 100% tested for this parameter. 
(9) At the major carry, 7FFHExto 
800l-lEXand 800I-lEXto 7FFHEX.(10) The maximum voltago at which ACOM and DeOM 


may 
be separated 
without affecting accuracy specifications. 
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'\ 
f 


--- 
> 50ns ------. 


~D~B~11~-~D~B~0~~~~~~~:X,," 
JX,," 
_ 


\\~ i 


..- 
> 50ns ::!l 


WRITE CYCLE .2 


(Load second rank from first rank: LLSB, LMSB = 1) 


~->50ns- 


L5AC 
~,-, 
J/ 
r 


>50ns- 
'_ 
f 


I~. --- 
't~S-ETTL-'NG? 
~ =~,_ ~ 


~ 
±1/2LSB 
----------- 


RESET COMMAND 
(Bipolar 
Moda) 


LLSB, LMSB, LDAC, WR = Don't Care 


~T-- 


t112LSB 


+Vcc to ACOM 
0 to +18V 


-Vee to ACOM 
0 to -18V 


+Vcc to -Vec 
. 
. 
0 to +36V 
DCOM with respect to ACOM 
t4V 
Digital Inputs (Pins 11-15, 
17-28) 
to DCOM 
-{).5V 
to Wee 


External Voltage Applied to BPO Span Resistor 
tVee 


VREF 
OUT 
•••••••••••••••••••••••••••••••••......••.• 
Indefinite Short to ACOM 


Your 
Indefinite Short to ACOM 
Power Dissipation 
750mW 
Lead Temperature 
(soldering, 
10s) 
+300°C 
Max Junction Temperature 
+165°C 


Thermal 
Resistance, 
6J_A:Plastic 
DIP and SOIC 
130°CIW 
Ceramic DIP 
85°CIW 


NOTE: Stresses 
above those listed under ~Absolute Maximum 
Ratings" 


may cause 
permanent 
damage 
to the 
device. 
Exposure 
to absolute 
maximum 
conditions 
for extended 
periods may affect device reliability. 


...•....•.....,...- .....,.. 


+VL 
Positive supply pin for logic circuits. Connect to +Vcc. 


2,3 
20V Range 
Connect Pin 2 or Pin 3 to Pin 9 (VOUT) 
for a 20V 


FSR. Connect both to Pin 9 for a 10V FSR. 


4 
BPO 
Bipolar offset. Connect to Pin 6 (VREF OUT) through 
1DOn resistor or 200n 
potentiometer 
for bipolar 


operation. 


ACOM 
Analog common, ±Vcc supply return. 


VREF OUT 
+1OV reference output referred to ACOM. 


VREF IN 
Connected 
to VREF OUT through a 1kQ gain 


adjustment 
potentiometer 
or a 5000 
resistor . 


+Vee 
Analog supply input, nominally 
+12V to +15V 


referred to ACOM. 


9 
VOUT 
D/A converter voltage output. 


10 
-Vee 
Analog supply input, nominally -12V 
or -15V 


referred to ACOM. 


11 
WR 
Master enable for LDAC. LLSB. and LMSB. Must 
be low for data transfer to any latch. 


12 
LDAC 
Load DAC. Must be low with WR for data transfer 
to the DIA latch and simultaneous 
update of the 


DIA converter. 


13 
Reset 
When row, resets the DIA latch such that a Bipolar 
Zero output is produced. 
This control overrides 
all 


other data input operations. 


14 
LMSB 
Enable for 4-bit input latch of 0e-D" 
data inputs. 


NOTE: This logic path is slower than the WR path. 


15 
[[SJl 
Enable for 8-bit input latch of 00-07 
data inputs. 
NOTE: This logic path is slower than the WR path. 


16 
DCOM 
Digital common. 


17 
DO 
Data Bit 1, LSB. 


18 
01 
Data Bit 2. 


19 
02 
Data Bit 3. 


20 
03 
Data Bit 4. 


21 
D4 
Data Bit 5. 


22 
05 
Data Bit 6. 


23 
06 
Data Bit 7. 


24 
07 
Data Bit 8. 


25 
08 
Data Bit 9. 


26 
09 
Data Bit 10. 


27 
010 
Data Bit 11. 


28 
011 
Data Bit 12, MSB, positive true. 


A 
ELECTROSTATIC 
B:itiJr.. DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 


Brown Corporation 
recommends 
that all integrated 
circuits 
be handled 
and stored 
using appropriate 
ESD protection 


methods, 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure, Precision 
integrated circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications, 


The information 
provid&d 
herein 
is:believ9d 
to b9 reliable; 
however, 
BURR 
BROWN 
a03um03 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
+Vl 
15 
LLSB 


2 
20V Range 
16 
DCOM 


3 
20V Range 
17 
DBO (LSB) 


4 
BPO 
18 
DB1 
5 
ACOM 
19 
DB2 


6 
VAEFOUT 
20 
DB3 
7 
VREF IN 
21 
DB4 
8 
+Vcc 
22 
DB5 


9 
Voor 
23 
DB6 


10 
-Vec 
24 
DB7 


11 
WR 
25 
DB8 
12 
LDAC 
26 
DB9 


13 
Reset 
27 
DB10 
14 
LMSB 
28 
DB11 (MSB) 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
204 x 140±5 
5.18x3.56±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10xO.10 


Metalization 
Aluminum 


LINEARITY 
GAIN 
TEMPERATURE 
ERROR, MAX 
DRIFT 
MODEL 
PACKAGE 
RANGE 
AT +25°C 
(ppmf'C) 


DAC813AU 
Plastic SOIC 
-40°C 
to +85°C 
±lI2LSB 
±30 
DAC813JP 
Plastic 
DIP 
O"C to +70"C 
±lI2LSB 
±30 
DAC813JU 
Plastic SOIC 
aoc to +70°C 
±lI2LSB 
±30 


DAC813KP 
Plastic DIP 
QOClo +70°C 
±1/4LSB 
±15 
DAC813KU 
Plastic SOIC 
O"Cto +70"C 
±1/4LSB 
±15 
DAC813AH 
Ceramic 
DIP 
-40"C 
to +85"C 
±lI2LSB 
±30 


DAC813BH 
Ceramic 
DIP 
-40"C 
to +85"C 
±1/4LSB 
±15 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


DAC813AH 
28-Pin 
Hermetic 
247 
Side-Brazed 
DIP 
DAC813BH 
28-Pin 
Hermetic 
247 
Side-Brazed 
DIP 


DAC813AP 
28-Pin Plastic DIP 
246 
DAC813KP 
28-Pin Plastic DIP 
246 


DAC813AU 
28-Pin Piastic SOIC 
217 


DAC813JU 
28-Pin Plastic SOIC 
217 
DAC813KU 
28-Pin Plastic SOIC 
217 


The 
information 
provided 
herein 
;s believed 
to be rolioble; 
however, BURR-BROWN 
assumes 
no responsibility 
lor Inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN does not authorize 
or warrant 
any BURR·BROWN 
product for use in life support devices 
and/or 
systems. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES 


15 


10 


~ 


>§ 


-5 


-10 


JOIJT 


I 
. 
WR 


II 


>' 


\r 


250 


200 


150 


+5 
100 


:;- 
:;- 
50 
.S- 


o Ii 
§ 
a 
> 


4 


;( 


-=""~ 
a 
() 
5~ 
-2 


J 


LLSB, WR 


I 
LMSB, LDAC 


III 
Resell 


Data 


I 


I 


2 
4 
6 


Input Voltage (V) 


./"" 
---- 
~ 
.....--- 
-- 


i,..---"" 


400 
800 
COO 


Input Code (Hexidecimal) 


1\ 
~ 


\ 
'\ 
\.. 
\.. 


Data 
Data-800H- 
Data 
7FFH 
7FFH 


468 


Time (~s) 


BURR-BROWN_ 
IE:lE:lI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


-- 


_Voor 
, lSB = 4.88mV 
- 


1\\. 


WR 


20 


10 


:;;-.s 
> 
0 
'+§ -10 
e 
+5 
« 
2: 
.., -20 
I~ 


-40 


~ 
10 
E; 
'I 
§ 
e«.., 


4 
6 


TIme (~s) 


DISCUSSION OF 
SPECIFICATIONS 


INPUT CODES 


The 
DAC813 
accepts 
positive-true 
binary 
input 
codes. 
DAC813 
may be connected 
by the user for anyone 
of the 


following 
codes: 
USB 
(Unipolar 
Straight 
Binary), 
BOB 


(Bipolar Offset Binary) or, using an external inverter on the 
MSB line, BTC (Binary Two's 
Complement). 
See Table I. 


DIGITAL 
ANALOG OUTPUT 
INPUT 
USB 
BOB 
BTC' 


Unipolar 
Bipolar 
Binary 
Straight 
Offset 
Two's 
MSB to lSB 
Binary 
Binary 
Complement 


FFFHEX 
+ Full Scale 
+ Full Scale 
Zero -1lSB 


aOOHEX 
+ 1/2 Full Scale 
Zero 
- Full Scale 


7FFHEX 
+ 1/2 Full Scale - 1lSB 
Zero -llSB 
+ Full Scale 


OOOHEX 
Zero 
- Full Scale 
Zero 


• Invert MSB of BOB code with external 
inverter to obtain BTe code. 


LINEARITY 
ERROR 


Linearity 
error as used in D/A converter 
specifications 
by 


Burr-Brown 
is the deviation 
of the analog output from a 
straight line drawn between the end points (inputs all "Is" 
and all "Os"). The DAC813 
linearity 
error is specified 
at 
±1/4LSB (max) at +25°C for B and K grades, and ±1/2LSB 
(max) for A and J grades. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
linearity 
error (DLE) 
is the deviation 
from a 


lLSB output change from one adjacent state to the next. A 
DLE specification 
of 1/2LSB means that the output step size 
can range from l/2LSB 
to 3/2LSB when the input changes 
from one state to the next. Monotonicity 
requires that DLE 


be less than ILSB over the temperature 
range of interest. 


I 


'l~B 
= 4.88mV- 


I 


--- 


I 


VOUT 
I 


WR 


1/ 
I 
1/ 
Voor 


4 
6 


TIme (~s) 


MONOTONICITY 


A D/A converter is monotonic 
if the output either increases 
or remains the same for increasing digital inputs. All grades 
of DAC813 are monotonic over their specification 
tempera- 
ture range. 


DRIFT 


Gain Drift is a measure of the change in the Full Scale Range 
(FSR) output over the specification 
temperature 
range. Gain 


Drift is expressed 
in parts per million 
per degree Celsius 
(ppm/0C). 


Unipolar 
Offset 
Drift 
is measured 
with a data 
input 
of 


OOOHEX'The D/A is configured for unipolar output. Unipolar 
Offset Drift is expressed 
in parts per million of Full Scale 


Range per degree Celsius (ppm of FSR/oC). 


Bipolar Zero Drift is measured with a data input of 800HEX' 
The D/A is configured for bipolar output. Bipolar Zero Drift 
is expressed 
in parts per million 
of Full Scale Range per 
degree Celsius (ppm of FSRrC) 
. 


SETTLING 
TIME 


Settling Time is the total time (including slew time) for the 
output to settle within an error band around its fmal value 
after a change in input. Three settling times are specified to 
±0.012% of Full Scale Range (FSR): two for maximum 
full 


scale range changes of 20V and JOV, and one for a ILSB 
change. The ILSB change 
is measured 
at the major carry 
(7FFHEXto 800HEXand 800HEXto 7FFHEx), the input tran- 
sition at which worst-case 
settling time occurs. 


REFERENCE 
SUPPLY 


DAC8l3 
contains an on-chip +IOV reference. This voltage 
(pin 6) has a tolerance 
of ±50mV. 
VREFOUT must be con- 
nected 
to VREFIN through 
a gain adjust 
resistor 
with a 


nominal value of 500Q. The connection can be made through 
an optional 
Iill trim resistor to provide adjustment 
to zero 


BURR-BROWNe 
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POWER 
SUPPLY 
SENSITIVITY 


Power 
supply 
sensitivity 
is a measure 
of the effect of a 
power 
supply 
change 
on the D/A converter 
output. 
It is 
defined 
as a ppm of FSR output 
change 
per percent 
of 
change in either +Vcc or -V cc about the nominal voltages 
expressed in ppm of FSR/%. The first performance 
curve on 
page 5 shows typical power supply rejection versus power 
supply ripple frequency. 


DAC8l3 
is a complete single IC chip 12-bit D/A converter. 


The chip contains a 12-bit D/A converter, voltage reference, 
output amplifier, and microcomputer-compatible 
input logic 


as shown in Figure I. 


INTERFACE 
LOGIC 


Input latches hold data temporarily 
while a complete 
12-bit 
word is assembled 
before loading into the D/A latch. This 
double-buffered 
organization prevents the generation of spu- 


rious 
analog 
output 
values. 
Each 
latch is independently 
addressable. 


All latches are level-triggered. 
Data present when the con- 
trol signals are logic "0" will enter the latch. When anyone 
of the control signals returns to logic "I ", the data is latched. 
A truth table for the control signals is presented in Table II. 


x 
x 
x 
x 
0 
D/A latch set to 800HEX 


0 
1 
0 
1 
1 
Enables 4 MSBs inpullatch 


0 
0 
1 
1 
1 
Enables 8 LSBs inpullatch 


0 
1 
1 
0 
1 
Loads 
D/A latch from input latches 


0 
0 
0 
0 
1 
Makes 
all latches transparent 


~X" "" Don't Care 


CAUTION: 
DAC8l3 
was designed to use WR as the fast 
strobe. 
WR has a much faster logic path than ENx (or 
LDAC). Therefore, if one permanently wires WR to DCOM 
and uses only ENx to strobe 
data into the latches, 
the 


DATA HOLD time will be long, approximately 
15ns to 
30ns, and this time will vary considerably 
in this range 
from unit to unit. DATA HOLD time using WR is 5ns max. 


LOGIC INPUT COMPATIBILITY 


The DAC813 
digital inputs are TTL, 5V CMOS compat- 


ible over the operating range of +Vcc. The input switching 
threshold 
remains 
at the TTL threshold 
over the supply 


range. An equivalent 
circuit of a digital input is shown in 
Figure 2. 


The logic input current over temperature 
is low enough to 


permit driving the DAC813 directly from the outputs of 5V 
CMOS devices. 


Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC813, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, 
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the speed of the interface 
will be slower. A digital output 
driving a DATA input line of the DAC813 must not drive, 
or let the DATA input float, above +5.5V. Unused DATA 
inputs should be connected 
to DCOM. 


RESET FUNCTION 


When 
asserted 
low «0.8V), 
RESET 
(Pin 
13) forces 
the 
D/A latch to 800HEX 
regardless 
of any other input logic 
condition. 
If the analog 
output 
is connected 
for bipolar 
operation 
(either ±JOV or ±5V), the output will be reset to 
Bipolar Zero (OV). 
If the analog output is connected 
for 
unipolar operation 
(0 to + JOV), the output will be reset to 
half-scale 
(+5V). 


If RESET is not used, it should be connected 
to a voltage 
greater than +2V but not greater than +5.5V. 
If this voltage 
is not available Reset can be connected 
to +Vcc through a 
JOOkQ to IMQ resistor to limit the input current. 


GAIN AND OFFSET 
ADJUSTMENTS 


Figures 3 and 4 illustrate the relationship 
of offset and gain 
adjustments 
to unipolar and bipolar D/A converter 
output. 


OFFSET 
ADJUSTMENT 


For unipolar 
(USB) configurations, 
apply the digital input 
code that should produce zero voltage output and adjust the 
offset 
potentiometer 
for zero output. 
For bipolar 
(BOB, 


All Bits 
Logic 1 


1\1 
T 
Digital Input 


Offset Adjust Translates the Line 


FIGURE 
3. Relationship 
of Offset and Gain Adjustments 
for a Unipolar D/A Converter. 


BTC) configurations, 
apply the digital input code that should 
produce 
the maximum 
negative 
output voltage 
and adjust 
the offset potentiometer 
for minus full scale voltage. 
Ex- 
ample: 
If the full scale range is connected 
for 20V, the 
maximum negative output voltage is -JOV. See Table III for 
corresponding 
codes. 


GAIN ADJUSTMENT 


For 
either 
unipolar 
or bipolar 
configurations, 
apply 
the 
digital input that should give the maximum positive voltage 
output. Adjust the gain potentiometer 
for this positive 
full 
scale voltage. See Table III for positive full scale voltages. 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


MSB to LSB 
o to +10V 
±5V 
±10V 


FFFHEX 
+9.9976V 
+4.9976V 
+9.9951V 


800HEX 
+5.0000V 
O.OOOOV 
O.OOOOV 


7FFHEX 
+4.9976V 
-o.0024V 
-o.0049V 


OOOHEX 
O.OOOOV 
-5.0000V 
-10.0000V 


lLSB 
2.44mV 
2.44mV 
4.88mV 


POWER 
SUPPLY 
CONNECTIONS 


Note 
that the 
lid of the ceramic 
packaged 
DAC813 
is 
connected 
to -V cc. Take 
care to avoid 
accidental 
short 
circuits In tightly spaced installations. 


Power 
supply 
decoupling 
capacitors 
should 
be added 
as 
shown in Figure 5. Optimum 
settling performance 
occurs 
using a I to 10!!F tantalum capacitor at -Vcc 
and at least a 


0.01!!F ceramic 
capacitor 
at +Vcc. Applications 
with less 
critical settling time may be able to use 0.01!!F at -V cc as 
well. The 0.01!!F capacitors 
should be located close to the 
DAC813. 


Pin I supplies internal logic and must be connected to +Vcc. 


" 
Range of 
/" 
,,' 
Gain Adjust 
, , 
)(,,',../-t- '"±1% 


/)1/ 


All Bits 
Full Scale 
, 
'/)( 
Logic 0 
Range 
,',',/ 
Gain Adjust 
'5 
~ 
,',',' 
Rotates the Line 
% 
//, 
o 
: 
I 
I 
,:' 
r+-+-1 


~ 
BIPOlar} 
/: 
" 
" 
\ 
~ 
OO~ 
~~' 
MSB on All 
~IBhs 
/. ~, 
OthersOff 
Logic 1 
~~ 
RangeOf/~ 
Oftset Adjust 
1 
;- 
Full Scale 
OftsetAd! l 


Tr~~;I~:~: T 
Digital Input 


"'" ±O.4% 


+ Full Scale ----. T 


lLSB 


FIGURE 4. Relationship 
of Offset and Gain Adjustments 
for a Bipolar D/A Converter. 


011 
28 


09 


08 


07 


06 


05 


+VCC 
04 


03 


02 


WR 
01 


LOAC 


Reset 


14 
LMSB 
LLSB 
15 


011 
28 
(1) 10~F tantalum for 


010 
optimum 
settling 


performance. 


09 
(2) Unipolar offset is 


not necessary 
in most 
08 
apphcations 
and can 


07 
lead to noise pickup. 


(3) Note that for the 


06 
ceramk; 
package 


the lid is connected 


05 
to -Vec. 


04 


03 


02 


01 


DO 


OCOM 


LLSB 
15 


DAC813 features separate digital and analog power supply 
returns 
to permit optimum 
connections 
for low noise and 
high speed performance. 
It is recommended 
that both Ana- 


log Common (ACOM, Pin 5) and Digital Common (DCOM, 
Pin 16) be connected 
directly to a ground plane under the 
package. If a ground plane is not used, connect the ACOM 
and DCOM 
pins together 
close to the package. 
Since the 
reference point for VOUTand VREFOUTis the ACOM pin, it 
is also important to connect the load directly to the ACOM 
pin. Refer to Figure 5. 


The change in current in the Analog Common pin (ACOM, 
Pin 5) due to an input data word change 
from OOOHEXto 
FFFHEX is only 800~. 


OUTPUT 
RANGE 
CONNECTIONS 


Internal scaling resistors 
provided 
in the DAC813 
may be 
connected to produce bipolar output voltage ranges of ±IOV 
and ±5V or unipolar 
output voltage 
range of 0 to +IOV. 


Refer to Figure 6. 


The internal feedback resistors (25kQ) and the bipolar offset 
resistor 
(24.9kQ) 
are trimmed 
to an absolute 
tolerance 
of 
less than ±2%. 
Therefore, 
one can change 
the range by 


adding a series resistor in various feedback circuit configu- 
rations. For example, a 600Q resistor in series with the 20V 
range terminal 
can be used to obtain a 20.48V (±1O.24V) 


range (5mV LSB). 
A 7.98kQ resistor in series with the IOV 
range connection 
(20V ranges in parallel) gives a 16.384V 


(±8.192V) 
bipolar 
range 
(4mV LSB). 
Gain drift will be 


affected by the mismatch 
of the temperature 
coefficient 
of 
the external resistor with the internal D/A resistors. 


MICROCOMPUTER 
BUS INTERFACING 


The DAC813 interface logic allows easy interface to micro- 
computer bus structures. The control signal 
is derived from 
external device select logic and the I/O Write or Memory 
Write (depending 
upon the system design) signals from the 


microcomputer. 


The latch enable lines LMSB, LLSB, and LDAC determine 
which of the latches are selected. It is permissible 
to enable 


two or more latches simultaneously, 
as shown in some of the 


following 
examples. 


The double-buffered 
latch permits data to be loaded into the 
input latches of several DAC813s 
and later strobed into the 


D/A latch of all D/As, simultaneously 
updating 
all analog 
outputs. All the interface schemes shown below use a base 
address 
decoder. 
If blocks of memory 
are used, the base 


address decoder can be simplified 
or eliminated 
altogether. 


8-BIT INTERFACE 


The control logic of DAC813 
permits interfacing 
to right- 
justified data formats, illustrated in Figure 7. When a 12-bit 
D/A converter is loaded from an 8-bit bus, two bytes of data 
are required. 
Figure 8 illustrates 
an addressing 
scheme for 
right-justified 
data. The base address 
is decoded 
from the 


high-order 
address bits. AO and A I address the appropriate 


latches. Note that adjacent addresses are used. X IOHEXloads 
the 8 LSBs and XOIHEXloads the 4 MSBs and simultane- 
ously transfers input latch data to the D/A latch. Addresses 
XOOHEXand XIIHEX are not used. 


BURR-BROWN_ 
IEn31 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


DAC813s 
IN 8-BIT SYSTEMS 


Many applications, 
such as automatic 
test systems, require 
that the outputs of several O/A converters be updated simul- 
taneously. The interface shown in Figure 9 uses a 74LSBl38 
decoder to decode a set of eight adjacent addresses to load 
the input latches 
of four OAC813s. 
The example 
uses a 
right-justified 
data format. 


A ninth address using A3 causes all OAC813s to be updated 
simultaneously. 
If a certain OAC813 
is always loaded last 
(for instance, O/A #4), A3 is not needed, saving 8 address 


24.9kn 
NC 


BPO 
25kn 


20V 
OTO +10V 


25kn 
RANGE 


20V 


IOAe 
Oto+l0V 


3 
NC 


20V 


decoder, 
remove the inverter, connect the common 
LOAC 


line to LLSB of O/A #4, and connect 01 of the 74LS138 to 
+SV. 


12- AND 16-BIT MICROCOMPUTER 
INTERFACE 


For this application 
the input latch enable lines, LMSB and 
LLSB, are tied low, causing the latches to be transparent. 
The O/A latch, and therefore 
OAC8l3, 
is selected 
by the 
address decoder and strobed by WR. 


Be sure and read the CAUTION 
statement 
in the LOGIC 
INPUT COMPATIBILITY 
section. 


~~ 


RighI-Justified 


17 
DO 


OBO 
08 


01 
OBI 
09 


02 


OB2 
010 


03 


OB3 
011 


Q; 
0B4 
04 


"5 
'" 
g- OB5 
05 
;;; 
0 
0 
g 
OB6 
06 
«0 
':E 
OB7 
07 


WR 


WR 


A,s 


A, 
LDAC 


A, 
LMSB 


Ao 
LLSB 


Reset 
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A15 
LDAC 
DAC813 


LLSB 
(1) 


A, 
LMSB 


A, 
WR 


LDAC 
DAC813 
M 
~ 
LLSB 
(2) 
YO 
LMSB 
T"" 
0- 
eo 
E 
Y' 
~ 
Y2 
0 
.2 
7" 
<C 
:;; 
G, 
Y3 


Y4 
" 
C 


Y5 
'0 
WR 


A, 
3 
C 
LDAC 
DAC813 
2 
YB 
9 
LLSB 
(4) 
A, 
B 
7 
LMSB 
Ao 
A 
Y7 


ADDRESS 
BUS 
A3 
A2 
A1 
AO 
OPERATION 


0 
0 
0 
0 
Load 8 LSB - D/A #, 


0 
0 
0 
, 
Load 4 MSB - D/A #t 


0 
0 
, 
0 
Load 8 LSB - D/A #2 


0 
0 
, 
, 
Load 4 MSB - D/A #2 


0 
1 
0 
0 
Load 8 LSB - D/A #3 


0 
1 
0 
, 
Load 4 MSB - D/A #3 


0 
, 
, 
0 
Load 8 LSB - D/A #4 


0 
1 
, 
, 
Load 4 MSB - D/A #4 


1 
X 
X 
X 
Load D/A Latch-All 
D/A 
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DUAL 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (12-bit port interface) 


• 
COMPLETE 
WITH REFERENCE 
AND 


OUTPUT 
AMPLIFIERS 


• 
12-BIT 
PORT INTERFACE 


• 
ANALOG 
OUTPUT 
RANGE: 
±10V 


• 
MONOTONICITY 
GUARANTEED 
OVER 
TEMPERATURE 


DAC2813 
is a complete dual l2-bit digital-to-analog 


converter 
with bus interface 
logic. Each package 
in- 


cludes 
a precision 
+ JOy voltage 
reference, 
double- 
buffered 
bus interface 
including 
a RESET 
function 
and 12-bit D/A converters 
with voltage-output 
opera- 
tional amplifiers. 


The 
double-buffered 
interface 
consists 
of a l2-bit 
input latch and a D/A latch for each D/A converter. 
A 
RESET 
control 
allows the D/A outputs 
to be asyn- 
chronously 
reset to bipolar zero, a feature useful for 
power-up reset, system initialization 
and recalibration. 


• 
INTEGRAL 
LINEARITY 
ERROR: 
±1/2LSB 
max 


• 
±12V to ±15V SUPPLIES 


• 
28-PIN 
PLASTIC 
DIP PACKAGE 


DAC2813 
output range resistors 
are internally 
con- 
nected for 20Y full scale range. A 0 to IOY range can 
be connected 
using the bipolar 
offset resistor. 
Gain 
and bipolar 
offset of each D/A are adjustable 
with 
external trim potentiometers. 


DAC2813 
is available in one performance 
grade with 
a integral linearity error of 1/2LSB and l2-bit mono- 
tonicity guaranteed over temperature. 
It is packaged in 
28-pin O.6in. wide plastic DIP package and specified 
over -4O"C to +85"C. 


o VAEFOUT 


VAEFIN 
1 


BPQ 1 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


TA = +25°C, +Vcc = +12V or +15V, -Vcc::: 
-12V or -15V 
unless otherwise noted. 


I 
DAC2813AP 
PARAMETER 
CONDmONS 
I 
MIN 
I 
TYP 
I 
MAX 
UNITS 


INPUTS 


DIGITAL 
INPUTS 
Over Temperature 
Input Code (') 
Range 
Bipolar Offset Binary 


logic 
Levels 
(2) 
('I) 


V'H 
+2 
+5.5(3) 
V 
.•.. 


V'L 
0 
+0.8 
V 
CO 
Logic Input Currents 
N 
OBO-OBll. 
WR. LDAC. RESET.ENx 
0 
I'H 
V,: 
+2.7V 
±20 
~ 
<C 
III 
V,: 
+0.4V 
±20 
~ 


TRANSFER 
CHARACTERISTICS 
C 


ACCURACY 
Linearity Error 
±1/4 
±112 
LSB 


Differential Linearity Error 
±112 
±1 
LSB 


Gain Error (5,6) 
±O.05 
±O.2 
% 


Bipolar Zero Error (5.7) 
±O.05 
±O.2 
%FSR(4) 


Power Supply Sensitivity 
en 
Of Full Scale +Vcc 
±5 
±20 
ppmFSR/%+Vcc 
a: 
-Vec 
±1 
±10 
ppmFSRI"/~Vcc 
W 
DRIFT 
Over Specification 
l- 


Temperature 
Range 
a: 
Gain 
±5 
±30 
ppml'C 
W 
Bipolar Zero Drift 
±5 
±15 
ppmFSRI"C 


Linearity Error over Temperature 
±112 
±3/4 
LSB 
> 
Monotonicity 
Guaranteed 
Z 
DYNAMIC CHARACTERISTICS 
0 
SETTLING 
TIME 
(0) 
To w~hin ±0.012%FSR 
0 
of Final Value 
e" 
5kn II 500pF Load 
Full Scale Range Change 
20V Range 
4.5 
6 
~ 
0 
1LSB Output Step 
(9) At Major Carry 
2 
~ 
..J 
Slew Rate 
10 
V/~ 
<C 
Crosstalk 
(10) 
5knLoads 
0.1 
LSB 


OUTPUT 
Z 


Output Vonage Range 
±Vcc~±11.4V 
±10 
V 
<C 
Output Current 
±5 
mA 
I 


Output Impedance 
0.2 
0 
0 


Short Circuit to ACOM Duration 
Indefinite 
l- 


I 
REFERENCE 
VOLTAGE 
..J 


Voltage 
+9.95 
+10.00 
+10.05 
V 


~ 
Source Current Available 
for External Loads 
2 
mA 


Impedance 
0.2 
0 
e" 
Temperature 
Coefficient 
±5 
±25 
ppmrC 
i5 
Short Circuit to Common Duration 
Indefinite 


POWER SUPPLY 
REQUIREMENTS 
Vottage:+Vcc 
+11.4 
+15 
+16.5 
V 
-Vcc 
-11.4 
-15 
-16.5 
V 


Current: 
No Load 
±Vcc=±15V 
+Vcc 
24 
30 
mA 
-Vcc 
12 
14 
mA 
Power Dissipation 
540 
660 
mW 


Potential at OCOM with 
Respect to ACOM 
(1 ') 
-3 
+3 
V 


TEMPERATURE 
RANGES 
Specification 
-40 
+85 
'c 


Storage 
~O 
+100 
'C 


Thermal Resistance, 8J",Plastic 
DIP 
30 
'CIW 


NOTES: (1) For Two's Complement 
Input Coding invert the MSB with an external logic inverter. (2) Oigijal inputs are TIL 
and +5V CMOS compatible 
over the 
specification temperature range. (3) Open DATA input lines will be pulled above +5.5V. See discussion under LOGIC INPUT COMPATIBILITY 
section. (4) FSR means 


Full Scale Range. For example. for ±10V output. FSR = 20V. (5) Adjustable to zero with extemal trim potentiometer. 
(6) Specified with 5000 connected 
between 


VREFOUT 
and 
VREr IN- (7) Error 
at input 
code 
800HO' 
OAC2813 
specifi9d 
with 
1oon connget9d 
betweenVAEFOUT 
and 
VAEf 
IN; and 
with 
soon 
connocted 
between 
VAEF 
OUTand SPO. (8) Maximum represents the 30 limit. Not 100% tested for this parameter. (9) For the worst-case code change: 7FFHEX to 800HEX and 800HEX to 7FFHEX_ 
(10) Crosstalk is defined as the change in any output as a resutt of any other output being driven from -1 OVto +1OVat rated output current. (11) The maximum vottage 
at which ACOM 
and DCOM may be separated without affecting accuracy specifications. 
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+Vcc to ACOM . 
. 
0 to +18V 


-Veeto 
ACOM . 
. 
Oto-18V 
+Vcc to -Vec.. 
. 
0 to +36V 
ACOM to DCOM . 
. 
±4V 
Digital Inputs to DCOM 
-lV 
to +Yee 


External Voltage applied to SPO Resistor. 
.... ±18V 


VREFOUT' 
Indefinite short to ACOM 


Vour 
Momentary 
to ±18V 
Lead Temperature, 
soldering 
105 
. 
+3000C 


Max Junction Temperature 
165°C 


a 
DlsCHA"RGE'S'ENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formancedegradation 
to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection 
methods. 


NOTE: 
Stresses 
above those listed under~Absolute 
Maximum 
Ratings" may 
cause 
permanent 
damage 
to the device. 
Exposure 
to absolute 
maximum 


conditions 
for extended 
periods 
may affect device 
reliability. 
PACKAGE 


28-Pin DSL Wide DIP 


PACKAGE 
DRAWING 


NUMBER!') 


167 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


DAC2813AP 
28·Pin DSL Wide DIP 
-400C to +85'(; 
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WRITE CYCLE #1 


(Load first rank from Data Bus: LDAC = 1) 


1->50ns- 


-EN 


x 


~\ 
/~- 


WRITE CYCLE #2 


(Load second rank from first rank: ENx = 1) 


r>5ons-l/ 


~ 
> 50ns----+- 
-WR-~\~~/ 
D__B_11_-_D_B_0 
X 
JX 
_ 


__________ 
~±1/LsB 
VOUT 
~ 


RESET COMMAND 
(Bipolar Mode) 


ENx_ LDAC, WR = Don't Care 


WR 
EN1 
EN2 
LDAC 
REm 
OPERATION 


x 
X 
x 
x 
0 
Reset both D/A Latches. 
Does 


not reset input latches. 


1 
X 
X 
X 
1 
No Operation 


X 
1 
1 
1 
1 
No Operation 
0 
1 
0 
1 
1 
Load Data into First Rank for D/A 2 
0 
0 
1 
1 
1 
Load Data into First Rank for D/A 1 


0 
1 
1 
0 
1 
Load Second Rank from First 
Rank, both D/As 
0 
0 
0 
0 
1 
All Latches Transparent 


+r- 


±1I2LSB 


PIN 
NAME 
FUNCTION 


1 
DB11 
DATA, MSB, positive true. 


2 
DB10 
DATA 


3 
DB9 
DATA 


4 
DB8 
DATA 


5 
DB7 
DATA 
6 
DB6 
DATA 


7 
DB5 
DATA 
8 
DB4 
DATA 


9 
DB3 
DATA 


10 
DB2 
DATA 
11 
DB1 
DATA 


12 
DBO 
DATA, LSB. 


13 
RESET 
Resets output of all D/As to bipolar-zero. 
The D/A remains in this state until overwritten an LOAC-WA: 
command. 
RESET does not 


reset the input latch. After power-up 
and reset, input latches will be in an indeterminant 
state. 


14 
WR 
Write strobe. Must be low for data transfer to any latch (except RESET). 


15 
EN2 
Enable for 12-bil input dala latch of D/A 2. NOTE: This logic path is slower than the WRI path. 


16 
EN1 
Enable for 12-bit input data latch of D/A 1. NOTE: This logic path is slower than the WRI path. 
17 
LDAC 
Load DAC enable. Must be low with WR for data transfer to the D/A latch and simultaneous 
update of both D/A converters. 


18 
DCOM 
Digital common, logic currents return. 


19 
-Vcc 
Analog supply input, nominally -12V 
or -15V 
referred to ACOM. 


20 
+Vcc 
Analog supply input, nominally + 12V or + 15V referred to ACOM. 
21 
VREFOUT 
+ 1OV reference output. 


22 
ACOM 
Analog common, +Vcc, -Vcc 
supply return. 
23 
BP02 
Bipolar offset. 
Connect to pin 21 (VREFOUT) through a 100n 
resistor or through a 200 potentiometer 
for Bipolar Offset Adjust for D/A 2. 


24 
BP01 
Bipolar offset. 
Connect to pin 21 (VREF OUT) through a 100n 
resistor or through a 200 potentiometer 
for Bipolar Offset Adjust or D/A 1. 


25 
VREF IN 2 
Connect to VREF OUTthrough soon 
fixed resistor or through a 1kn gain adjustment 
potentiometer 
for D/A 2. 


26 
VREFINl 
Connect to VREFOUTthrough soon 
fixed resistor or through a 1kO gain adjustment 
potentiometer 
for D/A 1. 


27 
VOUT2 
D/A 2 analog output. 


28 
VOlJ(I 
D/A 1 analog output. 
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For Immediate Assistance, Contact YourLocal Salesperson 
TYPICAL PERFORMANCE CURVES 


" 
1k 
C> 
J:1 
0> 
>- 
a. 


100 
0. 
~~ 
.5 ~ 
~~ 
10 
~o 
°E 
S:o. 
a:o. 
f/)- 
LL 
C 
" 
g> 
m~~ 
1k 
10k 


Frequency (Hz) 


~ 
g 
w 
0 
c 
~ 
<l 


15 


10 


~ 
§ 
> 
-5 


-10 


.JVOUT 
I 


WR 


\ 
v 


10 
15 


Time (~s) 


0.8 
0.5 
~ 
~~ 
"-> 
0.4 
- 
0 
CD 
~~ 
f/):. 


~~ 
g 
0 
8.5 
w 
'c: 0 
.~ 
:J 
.. 
",a: 
m 
mf/) 
" 
!~ 
c 


-<J.4 
~ 
<l- 
0~ 


250 


200 


150 


+5 
100 


~ 
S- 
50 
.s 


o I~ 
t; 
0 


>0 


I 
I-L 


WR 


ENx~ 
RESEi' 
LDAC 
I 
.J 


DBOjDB" 


I 
I 


12.0 


9.6 


_ 
7.2 
1 4.8 
E5 
2.4 
° 
0 
~ 
-2.4 


.= 
-4.8 


-7.2 
-9.6 


-12.0 
-2 
2 
4 


Input Voltage (V) 


..••......... 
---- 
l---"""" 
.........- 
--- 
l---"""" 


400 
800 
COO 


Input Code (Hexidecimal) 


1\ 
\ 
1\ 
\.. 
"- 
Data 
Data - 800H 
Data - 7FFH 
7FFH 


6 


Time (~s) 
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20 


:;;- 
10 
.s 


5~ 
0- 
>' "0§e« 
-10 
<l 


-20 


----'- 
VOOT 
I 
1LSB = 4.88mV 


-t- 


\ 
I 
- 
- - 


\\ 


VOOT~ 
- 
-- 


WR 
I 
-- 


20 


10 


:;;-.s 
> 
5° 
>0+ 
-10 
§ 


+5 
e 


~ 
« 
<l 
-20 


0 I~ 


-40 


4 
6 


Time (~s) 


DISCUSSION OF 
SPECIFICATIONS 


LINEARITY 
ERROR 


Linearity 
error is defined 
as the deviation 
of the analog 
output from a straight line drawn between 
the end points 
(digital 
inputs all "Is" 
and all "Os"). DAC2813 
linearity 
error is ±1/2LSB 
max at +25°C. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
Linearity 
Error (DLE) is the deviation 
from a 
ILSB output change from one adjacent state to the next. A 
DLE specification 
of I/2LSB means that the output step size 
can range from I/2LSB 
to 3/2LSB when the digital input 
code changes from one code word to the adjacent code word 
If the DLE is more positive than -ILSB, 
the D/A is said to 
be monotonic. 


A D/A converter 
is monotonic 
if the output either increases 
or remains 
the same for increasing 
digital 
input values. 
DAC28 I3 is monotonic over their specification 
temperature 
range -400C to +85OC. 


DRIFT 


Gain Drift is a measure 
of the change 
in the Full Scale 
Range (FSR) output over the specification temperature range. 
Gain 
Drift 
is expressed 
in parts 
per million 
per degree 
Celsius (PpmfC). 


Bipolar Zero Drift is measured with a data input of 800HEX' 
The D/A is configured for bipolar output. Bipolar Zero Drift 
is expressed 
in parts per million 
of Full Scale Range per 


degree Celsius (ppm of FSR/'C). 
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SETTLING 
TIME 


Settling Time is the total time (including slew time) for the 
output to settle to within an error band around its final value 
after 
a change 
in input. 
Settling 
times 
are specified 
to 
±O.OI% of Full Scale Range (FSR) for two conditions: 
one 
for a FSR output change of 20V (25kQ feedback) 
and one 
for a ILSB change. The ILSB change 
is measured 
at the 
Major Carry (7FF HEX to 800HEX' 
and 800HEX 
to 7FF HEX), 
the 
input code transition 
at which worst-case 
settling time oc- 
curs. 


INTERFACE 
LOGIC 


The bus interface 
logic of the DAC2813 
consists 
of two 
independently 
addressable 
latches 
in two ranks 
for each 
D/A converter. 
The first rank consists 
of one 12-bit input 
latch which can be loaded directly 
from a 12- or 16-bit 
microprocessor/microcontroller 
bus. The input latch holds 
data temporarily before it is loaded into the second latch, the 
D/A latch. This double buffered organization 
permits simul- 
taneous update of all D/As. 


All latches are level-triggered. 
Data present when the con- 
trol signals 
are logic "0" will enter the latch. When 
the 
control signals return to logic "I ", the data is latched. 


CAUTION: 
DAC2813 
was designed to use WR as the fast 
strobe. 
WR/ has a much 
faster 
logic path than ENx (or 
LDAC). Therefore, if one permanently 
wires WR to DCOM 
and uses only ENx to strobe data into the latches, the DATA 
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RESET 
FUNCTION 


The Reset function 
resets only the D/A latch. Therefore, 


after a RESET, 
good data must be written to all the input 


latches before an LDAC - WR command 
is issued. Other- 
wise, old data or unknown data is present in the input latches 
and will be transferred to the D/A latch producing an analog 
output value that may be unwanted. 


LOGIC 
INPUT COMPATIBILITY 


DAC2813 
digital inputs are TTL compatible 
(IAV 
switch- 
ing level) over the operating range of +VCC" Each input has 
low leakage and high input impedance. 
Thus the inputs are 
suitable 
for being 
driven 
by any type 
of SV logic. 
An 


equivalent 
circuit of a digital input is shown in Figure 
I. 


Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC2813, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, the 
speed of the interface will be slower. A digital output driving 
a DATA input line of the DAC2813 
must not drive, or let 


the DATA input float, above +S.SV. Unused DATA inputs 
should be connected 
to DCOM. 


Unused CONTROL 
inputs should be connected to a voltage 
greater than +2V but not greater than +S.SV. 
If this voltage 
is not available, the control inputs can be connected to +Vcc 
through a 100kn 
resistor to limit the input current. 


DAC2813 
DIGITAL 
INPUT 
RQ 


Data, WAC, 
WR, RESET 
500 
ENx 
330 


INPUT CODING 


DAC2813 
accepts 
positive-true 
binary 
input codes. Input 


coding for bipolar analog outputs is Bipolar Offset Binary 
(BOB), where an input code of OOOHEX 
gives a minus full- 


scale output, an input ofFFFHEXgives an output ILSB below 
positive 
full scale, and zero occurs 
for an input code of 


800HEX' 


tion by using the BPO resistors, plus a lOon series resistor, 
in parallel with the internal feedback resistor. In this case, an 
input code of OOOHEXgives zero volt output, 
an input of 
FFFHEXgives an output 
ILSB below positive full scale. 


INTERNAUEXTERNAL 
REFERENCE 
USE 


DAC2813 contains a +IOV ±SOmV voltage reference, 
VREF 
OUT'VREFOUTis available to drive external loads sourcing up 
to 2mA. The load current should be constant, otherwise 
the 
gain (and bipolar offset, if connected) of the D/A converters 
will vary. 


For DAC2813 
VREFOUTmust be connected 
to VREFINI and 
VREFIN2 through gain adjust resistors with a nominal value 
of soon. 
Trim 
potentiometers 
with a nominal 
value 
of 


looon 
can be used to provide adjustment 
to zero gain error. 


It is possible to use references other than + IOV. The recom- 
mended 
range of reference 
voltage is from +8V to +IIV, 


which allows both 8.I92V 
and 1O.24V ranges to be used. 


However, DAC2813 
is optimized for fixed-reference 
appli- 
cations. 
If the reference 
voltage 
is expected 
to time-vary 
over a wide range, a CMOS 
multiplying 
D/A is a better 


choice. 
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FIGURE 2. Relationship 
of Offset and Gain Adjustments 


for a Bipolar D/A Converter. 
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Figure 2 illustrates the relationship 
of offset and gain adjust- 
ments to a bipolar connected 
D/A converter. 
Offset should 
be adjusted first to avoid interaction 
of adjustments. 


Offset Adjustment 


For bipolar analog output operation, apply digital input code 
OOOHEX 
to produce the maximum negative output and adjust 
the offset potentiometer 
for -1O.OOOV. See Table 
III for 


calibration 
values and codes. 


Gain Adjustment 


For either unipolar or bipolar operation, 
apply digital input 
code FFFHEXgives the maximum 
positive 
voltage 
output. 


Adjust 
the gain potentiometer 
for this positive 
full scale 
voltage. See Table III for calibration 
values. 


POWER 
SUPPLY 
CONNECTIONS 


Power 
supply 
decoupling 
capacitors 
should 
be added 
as 


shown in Figure 4. Best settling time performance 
occurs 


using a I to 101lF tantalum capacitor at -Vcc' Applications 
with less critical settling time may be able to use O.OlflF at 
-V cc as well as at +VCC" The capacitors 
should be located 
close to the package. 


DAC28 13 features separate digital and analog power supply 
returns to permit optimum 
connections 
for low noise and 
high 
speed 
performance. 
It is recommended 
that 
both 
DIGITAL 
COMMON 
(DCOM) and ANALOG 
COMMON 


DAC2813 


DB11 
Your 
1 


VOUT2 


VREFIN 
1 


VREFlN2 
+ 


BPO 1 


BP02 


ACOM 


VREFOUT 


+Vcc 
+Vs 


-Vcc 
-vs 


DCOM 


LDAC 


ENI 
(1) 1O~F lantalum for 
optimum settling 


14 
WR 
EN2 
15 
performance. 


BIPOLAR 


:t:10V 


(ACOM) be connected 
directly to a ground plane under the 
package. If a ground place is not used, connect the ACOM 
and DCOM 
pins together 
close to the package. 
Since the 
reference point for VOUTand VREFOUTis the ACOM pin, it is 
also important to connect the load directly to the ACOM pin. 
The change in current in the ACOM pin due to an input date 
word change from OOOHEX 
to FFFHEXis only ImA for each 
D/A converter. 


OUTPUT 
VOLTAGE 
SWING 
AND RANGE 
CONNECTIONS 


DAC2813 
output amplifiers 
provide 
a ±IOV output swing 
while operating 
on supplies as low as ±12V ±5%. 


DAC2813 
is internally 
connected 
to provide ±IOV output 
when the bipolar offset pins BPOI 
and/or BP02 
are con-" 
nected, through 
1000 resistors, to VREFOUT'For a unipolar O~ 
to +IOV output, the BPO resisitor, 
in series with a 1000 
external resistor, may be paralleled 
with the internal feed- 
back resistor 
to provide 
the correct 
scaling. 
The internal 
feedback 
resistors 
(25kO) 
and the bipolar 
offset 
resistor 
(24.9kn) 
are trimmed to an absolute tolerance 
of ±2%. 


12- AND 16-BIT BUS INTERFACES 


DAC2813 data is latched into the input latches of each D/A 
by asserting low each ENx individually 
and transferring 
the 
data from the bus to each input latch by asserting WR low. 
All D/A outputs in each package are then updated simulta- 
neously by asserting LDAC and WR low. Be sure and read 
the CAUTION 
statement in the LOGIC INPUT COMPAT- 
IBILITY 
section. 
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optimum 
settling 
performance. 


FIGURE 
3. 
DAC2813 
Power 
Supply, Output Range, Gain and Offset Adjust Connections. 
Unipolar 
output connected 
DAC2813s 
have Gain Adjust only. 
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VAEFOUT 


21 


24.9k!l 
24.9k!l 
BP01 
lOon 


24 


25k!l 
200n 
pot or 
25k!l 


lOon 
fixed 


±10V 
Oto 


IOAC1 
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+10V 


1k!l pot or 
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500n 
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500n 
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23 
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25k!l 


100n 
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- 
V0UT2 
Oto 


IOAC2 
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IOAC2 
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ACOM 


FIGURE 4. DAC2813 
Output Amplifier 
Range Connnections. 


The information 
provided herein is believed to be reliable: however. 
BURR·BRQWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
a~umes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR·BROWN 
product for use in life support devices 
and/or systems. 
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DUAL 12-BIT DIGITAL-TO-ANALOG 
CONVERTER 
(Serial Interface) 


• 
COMPLETE 
DUAL DAC - 
INCLUDES 
INTERNAL 
REFERENCES 
AND 
OUTPUT 
AMPLIFIERS 


• 
GUARANTEED 
SPECIFICATIONS 
OVER 
TEMPERATURE 


• 
GUARANTEED 
MONOTONIC 
OVER 
TEMPERATURE 


The DAC2814 is one in a family of dual and quad 12- 
bit digital-to-analog 
converters. 
Serial, 
8-bit, 
12-bit 


interfaces 
are available. 


The DAC2814 
is complete. 
It contains CMOS logic, 


switches, a high-performance 
buried-zener 
reference, 
and low-noise 
bipolar output amplifiers. 
No external 


components 
are required for either unipolar 0 to IOV, 


o to -IOV, or bipolar ±IOV output ranges. 


The 
DAC2814 
has 
a high-speed 
serial 
interface 


capable 
of being clocked 
at IOMHz. Serial data are 
clocked DAC B MSB first into a 24-bit shift register, 
then strobed 
into each DAC separately 
or simulta- 
neously 
as required. 
The DAC has an asynchronous 
clear 
control 
for reset 
to unipolar 
or bipolar 
zero 
depending on the mode selected. This feature is useful 
for power-on reset or system calibration. The DAC2814 
is packaged in a 24-pin plastic DIP rated for the --40°C 
to +85°C extended 
industrial 
temperature 
range. 


High-stability 
laser-trimmed 
thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified 
temperature 
range. 


• 
HIGH-SPEED 
SERIAL 
INTERFACE 
(10MHz 
CLOCK) 


• 
LOW POWER: 
300mW 
(150mW/DAC) 


• 
LOW GAIN DRIFT: 5ppmfOC 


• 
LOW NONLINEARITY: 
±112 LSB max 


• 
UNIPOLAR 
OR BIPOLAR 
OUTPUT 


• 
CLEAR/RESET 
TO UNIPOLAR 
OR 
BIPOLAR 
ZERO 
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DAC2814BP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
Resolution 
12 
Bits 


V,H (Input High Voltage) 
+2 
+5 
V 
V" (Input Low Voltage) 
0 
+0.8 
V 


I'N ( Input Current) 
I' 
T•• 
25°C 
±1 
~A 
TA = -40°C 
to +85°C 
±10 
~ 


C,N (Input Capacitance) 
0.8 
pF 


DIGITAL 
OUTPUT 
Data Out VOl 
ISINK 
'" 1.6mA 
0 
+0.4 
V 
VOH 
ISOURCE• 500~A 
+2.4 
+5 
V 


ACCURACY 
Integral, Relative Linearity(1) 
±1 
±112 
LSB 
Differential Nonlinearity(2) 
T•• 
25°C 
±1 
LSB 
TA 
:::: -40°C to +85°C 
+1.5/-1 
±1 
LSB 
Unipolar Offset Error 
TA", 
+25°C 
±1 
±D.5 
mV 


T•• 
40°C 
TO +85°C 
±3 
mV 


Bipolar Zero Error 
±20 
±10 
mV 
Gain Error Unipolar, Bipolar 
With Internal or External 10.DV Ref 
±D.2 
±D.15 
% 


Power Supply Sensitivity(3) 
Vs .±11.4V 
to ±18V 
30 
ppmFSRN 
VL• 
+4.5V to +5.5V 


TEMPERATURE 
DRIFT 
Gain Drift Unipolar, Bipolar 
±5 
±30 
±20 
ppmf'C 


Unipolar Offset Drift 
±0.1 
±5 
ppmFSRrC 
Bipolar Zero Drift 
±5 
±t5 
±8 
ppmFSRrC 


REFERENCE 
OUTPUT 
• 


Output Voltage 
+9.980 
+10 
+10.020 
+9.985 
+10.015 
V 
Reference 
Drift 
±2 
±30 
±20 
ppmrc 
Output Current 
T•• 
25°C 
+10/-5 
mA 
TA 
"" -40°C 
to +85°C 
+6.51-5 
mA 
Max Load Capacitance 
(For Stability) 
500 
pF 
Short Circuit Current 
±20 
mA 
Load Regulation 
40 
ppmlmA 


(6 
V OUT VS 6 
ILOAO) 


Supply RegUlation 
±5 
ppmN 


(" Vour vs" 
Vs) 


INVERTER 


-10V 
Reference(4), Inverter Output 
-10.020 
-10 
-9.980 
-10.015 
-9.985 
V 
-10V 
Reference 
Drift 
±30 
±20 
ppmrc 


DC Output Impedance 
0.1 
0 
Output Current 
±7 
mA 
Max Load Capacitance 
(For Stability) 
200 
pF 
Short Circuit Current 
±30 
mA 


REFERENCE 
INPUT 
Reference 
Input Resistance 
3.5 
5 
kO 
Inverter Input Resistance 
7 
10 
kO 
SPO Input Resistance 
14 
20 
kO 
Reference 
Input Range 
±10 
V 


ANALOG 
SIGNAL 
OUTPUTS 
Voltage Range 
-Vs+ 
1.4 
+Vs-1.4 
V 
DC Output Impedance 
0.1 
0 


Output Current 
±5 
mA 
Max Load Capacitance 
(For Stability) 
Vour 
500 
pF 
Short Circuit Current 
±30 
mA 


DYNAMIC 
PERFORMANCEI') 
CL·100pF 
Unipolar Mode Settling Time 
To 1/2 LSB ot Full Scale 
2.5 
10 
~s 


Bipolar Mode Settling Time 
To 1/2 LSB of Full Scale 
3.5 
10 
~s 
Slew Rate 
to 
V/~s 
Small-Signal 
Bandwidth 
3 
MHz 


ANALOG 
GROUND 
CURRENT 


(Code Dependent) 
±2 
mA 


DIGITAL CROSSTALK 
Full Scale Transition 
3 
nV·s 


CL- 
100pF 


D/A GLITCH IMPULSE 
30 
nV·s 


BURR 
- BROWNI3 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
'E3E3' 


Specifications 
as shown for Vs = ±12V or ±15V, VL = +5V, and RL = 2kn 
unless otherwise 
noted. 


DAC2814AP 
DAC2814BP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
+Vs and -Vs 
±11.4 
±15 
±18 
V 


+V, 
4.5 
5 
5.5 
V 
o::t 
+Is 
+10 
+13.5 
mA 
,... 
-Is 
-10 
-13.5 
mA 
CO 
+1, 
Digital Inputs"" 
OV or +VL 
0.2 
1 
mA 
N 
+1, 
Digital Inputs"" 
VIL or V'H 
5 
mA 
0 
Total Power, All DACs 
300 
410 
mW 
c( 
TEMPERATURE 
RANGE 
C 
Specified 
-40 
+85 
'C 


Operating 
-40 
+85 
'C 


Thermal Resistance 
8JA 
75 
'CIW 


+V, to AGND 
OV, +7V 
+V, to DGND . 
. 
OV, +7V 
+Vs 10AGND 
OV, +18V 
-Vs to AGND . 
. 
OV,-18V 
AGND to DGND 
±0.3V 
Any digital input to DGND 
-D.3V, +V, +0.3V 
Ref In to AGND 
±25V 
Ref In to DGND 
±25V 
Storage Temperature 
Range 
-55°C to +125°C 
Operating Temperature 
Range 
-40°C to +85°C 


Lead Temperature 
(soldering, 
10s) 
+300'C 
Junction Temperature 
. 
+155°C 
Output Short Circuit 
Continuous to common or ±Vs 


Reference Short Circuit 
Continuous to common or +Vs 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


DAC2814AP 
24-Pin Plastic DIP 
167 


DAC2814BP 
24-Pin Plastic DIP 
167 


A 
ELECTROSTATIC 


J.!t!/ia. DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 


performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 


methods. 


The information 
provided 
herein 
is believed 
to be reliable; 
howovor, 
BURR-BROWN 
aooumoo 
no rooponoibility 
for inaccuracioo 
or omiooiono. 
BURR 
BROWN 
o.ooumoo 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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PIN 
DESCRIPTOR 
FUNCTION 
PIN 
DESCRIPTOR 
FUNCTION 


1 
DGND 
Digital common 
24 
CS 
Chip select enable, DAC A and DAC B 
2 
LATCH B 
Latch data update, logic input, DAC B 
23 
Data In 
Serial data input 
3 
CLR 
Asychronous 
input reset to zero 
22 
LATCH A 
Latch data update. logic input, DAC A 
4 
MODE 
Selection 
input for unipolar 
or bipolar 
reset to zero 
21 
CLK 
Clock input 
5 
Data Out 
Serial data output 
20 
NC 
No internal 
connection 
6 
+VL 
Positive 
logic power 
supply, 
+SV input 
19 
BPOA 
Bipolar offset input, DAC A 
7 
-Vs 
Negative analog power supply, 
-1 5V input 
18 
BPOB 
Bipolar offset input, DAG B 
8 
AGND 
Analog 
common 
17 
VOUT B 
Analog output voltage, DAC B 
9 
NC 
No internal 
connection 
16 
+VREF 
Out 
Reference 
voltage, 
+1OV output 
10 
+Vs 
Positive 
analog 
power 
supply, 
+15V 
input 
15 
Inv In 
Inverter (A3) input 
11 
VREF In 
± Reference 
voltage 
input 
14 
VoorA 
Analog output voltage. DAC A 
12 
InvOut 
Inverter (A3l outout 
13 
NC 
No internal 
connection 


PIN CONFIGURATIONS 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 
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,., 
1 2: 
" 
(/) 
0.8.\1 
~ 
0.6;;( 
E 


0.4 f'-- 


SEITLINGTIME 
SEITLINGTIME 
BIPOLAR (-10V to +10V) 
BIPOLAR (+10V to -10V 
Step) 


> 
> 
j2 
~ 
>E 
E 
('!. 
('!. 
-10V 
V"" 
> 
> 
0 
0 
'+ 
,. 
§ +10V 
V"" 
§ 
e 
LATCH 
e 
LATCH 
« 
+SV 
« 
+SV 
> 
> 
<1 
OV 


<1 


OV 


Time (1~sldiv) 
Time (2~sldiv) 


SEITLINGTIME 
SEITLINGTIME 
UNIPOLAR (+10V to OV STEP) 
UNIPOLAR (OV to +10V Step) 


~ 
~ 
3! 
3! 
E 
E 
'=- 
+10V 
V"" 
'=- 
> 
> 
OV 


0 
0 
V"" 
'+ 
§ 
§ 
e« 
+SV 
LATCH 
e 
+SV 
LATCH 
> 
« 
<1 
> 
<1 
OV 
OV 


Time (1~sldiv) 
Time (1~sldiv) 


> 
~ 
OV 


E 
0('!. 
J 


+SV 


ov 


Time (1~s/div) 


NOTE: Data transition 800HEX to 7FF HEX" 


Time (SOOns/div) 


DAC 
output noise due to activity on digital inputs 


with latch disabled. 
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PARAMETER 
MINIMUM 


t,-Oata 
Setup Time 
15n$ 
tz-Oata 
Holdtime_ 
15ns 
t,-chlp 
Select to CLK, 
15ns 


Latch, Data S~ 
Time 
t,-Chip 
Select to CLK, 
40ns 


Latch, Data Hold Time 


t,-cLK 
Pulse Width 
40ns 
~Iear 
Pulse Width 
40n5 
t,-Latch 
Pulse Width 
40n5 
ta-CLK 
Edge to LATCH A 
15ns 
or LATCH B 


-'5- 


CLK~---~OV 


-~- 
I 
w 


~,:: 
~.13 
..--1121--------~1:.: :r_._ru_A_"I::,]~==5:tJ:::7~~::::~~::::~=;::=';:::;J::]:: 


LATCH 
B 
-_~ 


CLR' 
5V 


NOTES: 
(1) All input signal rise and fall times are measured 
from 10% to 90% of +SV • tA 
"" IF :::5ns. 


(2) Timing measurement 
reference 
level is V1H + V1l 
. 
--2- 
• 
MODE 
CLR 
CLK 
CS 
LATCH A 
LATCH B 
FUNCTION 


X 
1 
~ 
0 
X 
X 
Data Clocked In 


X 
1 
X 
1 
X 
X 
No Data Transfer 


X 
1 
X 
0 
0 
1 
DAC A Register Updated 
X 
1 
X 
0 
1 
0 
DAC B Register Updated 
X 
1 
X 
0 
0 
0 
DAC A and DAC 8 Updated Together 
0 
0 
X 
X 
X 
X 
All Registers Cleared 
1 
0 
X 
X 
X 
X 
Shift Registers 
Cleared", 
OOOHEX'OAG Registers 
= 800HEX 


VREF 
In 


11 


12-Blt 
12-81t 
Shift 
0-11 
Latch 
Bits 0-11 
Register 
Register 


81tl1 
20kn 


12-8it 
12-81t 
Shift 
0-11 
Latch 
8"sO-11 
Register 
Register 
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For Immediate Assistance, Contact Your Local Salesperson 


DISCUSSION OF 
SPECIFICATIONS 


INPUT CODES 


All digital inputs of the DAC2814 
are TIL 
and 5V CMOS 
compatible. 
Input codes for the DAC2814 
are either USB 


(Unipolar 
Straight Binary) or BOB (Bipolar Offset Binary) 
depending on the mode of operation. 
See Figure 3 for ± 1OV 
bipolar connection. 
See Figures 4 and 5 for 0 to IOV and 0 
to -IOV 
unipolar connections. 


UNIPOLAR 
AND BIPOLAR 
OUTPUTS 
FOR SELECTED 
INPUT 


DIGITAL INPUT 
UNIPOLAR (USB) 
BIPOLAR (BOB) 


FFFHEX 
+Full scale 
+Full scale 
800HEX 
+1/2 Full scale 
Zero 
7FFHEX 
+1/2 Full scale - 1 LSB 
Zero-1 
LSB 


oooHEX 
Zero 
-Full scale 


INTEGRAL 
OR RELATIVE 
LINEARITY 


This term, also know as end point linearity, 
describes 
the 
transfer 
function 
of analog 
output 
to digital 
input code. 


Integral linearity error is the deviation of the analog output 
versus 
code transfer 
function 
from a straight 
line drawn 
through the end points. 


Differential 
nonlinearity 
is the deviation 
from an ideal 
I 
LSB change 
in the output 
voltage 
when 
the input code 
changes by I LSB. A differential 
nonlinearity 
specification 
of ±l LSB maximum 
guarantees 
monotonicity. 


UNIPOLAR 
OFFSET 
ERROR 


The output voltage 
for code OOOHEXwhen the DAC is in 
unipolar mode of operation. 


BIPOLAR 
ZERO ERROR 


The output voltage for code 800HEXwhen the DAC is in the 
bipolar mode of operation. 


GAIN ERROR 


The deviation 
of the output voltage 
span (VMAX- VMIN) 
from the ideal span of IOV - I LSB (unipolar mode) or 20V 
- 1 LSB (bipolar mode). The gain error is specified with and 
without the internal +1OV reference 
error included. 


The time required 
for the output voltage to settle within a 
percentage-of-full-scale 
error band for a full scale transition. 


Settling to ±O.OI2% (1/2 LSB) is specified for the DAC28 14. 


DIGITAL-TO-ANALOG 
GLITCH 


Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality glitches occur 
during the transition. 
See Typical Performance 
Curves. 


Digital crosstalk is the glitch impulse measured at the output 
of one DAC 
due to a full scale transition 
on the other 
DAC-see 
Typical Performance 
Curves. It is dominated 
by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified 
in nV-so See table of electrical 
specifications. 


DIGITAL FEEDTHROUGH 


Digital 
feedthrough 
is the noise at a DAC output 
due to 
activity 
on the digital 
inputs-see 
Typical 
Performance 
Curves. 


OPERATION 


DACs can be updated 
simultaneously 
or independently 
as 


required. 
Data are transferred 
on falling clock edges into a 
24-bit shift register. DAC B MSB is loaded first. Data are 
transferred 
to the DAC registers when the LATCH 
signals 


are brought 
low. The data are latched 
when the LATCH 
signals are brought high. Both LATCH signals may be tied 
together 
to allow simultaneous 
update of the DACs if re- 
quired. The output of the DAC shift register is provided to 
allow cascading 
of several DACS on the same bit stream. 


By using separate signals for LATCH A and LATCH 
B, it 
is possible to update either one of the two DACs every 12 
clock cycles. 


When 
CLR is brought 
low, the input shift registers 
are 
cleared 
to OOOHEX'while the DAC registers 
= 800HEX' If 
LATCH 
is brought low after CLR, the DACs are updated 
with OOOHEXresulting in -IOV (Bipolar) or OV (Unipolar) on 
the output. 


CIRCUIT 
DESCRIPTION 


Each of the two DACs in the DAC2814 consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener +IO.OV reference and a reference inverter 
(for a -1O.OV reference) 
are shared by both DACs. 


Figure 
1 is a simplified 
circuit for a DAC cell. An R, 2R 
ladder network 
is driven 
by a voltage 
reference 
at VREF' 
Current from the ladder is switched either to loUT or AGND 
by 12 single-pole double-throw 
CMOS switches. This main- 
tains constant current in each leg of the ladder regardless 
of 
digital input code. This makes the resistance 
at VREFcon- 
stant (it can be driven by either a voltage or current refer- 
ence). 
The reference 
can be either 
positive 
or negative 
polarity with a range of up to ±IOV. 
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iI·/· 
I 


.;\,:\/ 


RaND 
"7" 
RaND 


CMOS switches included in series with the ladder terminat- 
ing resistor and the feedback 
resistor, RFB, compensate 
for 
the temperature 
drift of the ladder switch ON resistance. 


The output op amps are connected as transimpedance 
ampli- 
fiers to convert the DAC-cell 
output current into an output 
voltage. 
They have been specially 
designed 
and compen- 


sated for precision 
and fast settling in this application. 


POWER SUPPLY CONNECTIONS 


The DAC2814 
is specified 
for operation 
with power sup- 
plies ofVL = +5V and Vs= either ±12V or±15V. 
Even with 
the Vs supplies at ±ll.4V 
the DACs can swing a full ±IOV. 


Power supply decoupling 
capacitors 
(1J.lFtantalum) 
should 
be located close to the DAC power supply connections. 


Separate 
digital 
and analog 
ground 
pins are provided 
to 
permit separate current returns. They should be connected 
together 
at one point. 
Proper 
layout 
of the two current 
returns 
will prevent 
digital 
logic switching 
currents 
from 
degrading 
the 
analog 
output 
signal. 
The 
analog 
ground 
current is code dependent 
so the impedance 
to the system 
reference 
ground 
must 
be kept 
to a minimum. 
Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than 0.1nfor less than O.ILSB error. 


-10V 
REFERENCE 


An internal 
inverting 
amplifier 
(Gain = -l.OV IV) is pro- 
vided to invert the + IOV reference. 
Connect +VREF Out to 
Inv In for a -IOV 
reference 
at Inv Out. 


OUTPUT 
RANGE CONNECTIONS 


±10V Output 
Range 


For a ±IOV bipolar outputs connect the DAC2814 as shown 
in Figure 3. Connect the MODE to logic high (+5V) for reset 
to bipolar 
zero. With MODE connected 
low (GND) 
reset 
will be to -Full-Scale. 


o To +10V Output 
Range 


For 0 to +IOV unipolar 
outputs connect 
the DAC2814 
as 


shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 
o To -10V 
Output 
Range 


For 0 to -IOV 
unipolar 
outputs 
connect 
the DAC2814 
as 
shown in Figure 5. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 


CONNECTION 
TO DIGITAL BUS 


Cascaded 
Bus Connection 


Multiple DAC28l4s 
can be connected to the same CLK and 
DATA input lines in two ways. Since the output of the DAC 
shift register is available, any number of DAC28l4s 
can be 
cascaded on the same input bit stream as shown in Figure 6. 
This arrangement 
allows 
all DACs 
in the system 
to be 


updated simultaneously 
and requires a minimum 
number of 
control signal inputs. However, up to 24N CLK cycles may 
be 
required 
to 
update 
any 
given 
DAC, 
where 
N = number of DAC28l4s. 


Parallel 
Bus Connection 


Several DAC28l4s 
can also have their DATA inputs con- 
nected in parallel 
as shown in Figure 7. This allows any 


DAC in the system to be updated in a maximum of 24 CLK 
cycles. 
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-.L 


"7" 


+15V 
10 @ 


+ 
Ref 


1~FI 


"7" 


-15V 
"7" 


1~F.:I 
11 


"7" 
19 


14 
VourA 


Serial 
Data and 
18 


Control In 


17 
Vour B 


+5V 
6 
DAC2814 
16 
+ 


1~FI 
10kn 
15 


+15V 
10 
10V 


1~FI. 


Ref 


-15V 


1~F.:I 


Serial 
Data and 
Control In 


"7" 
DGND 


FIGURE 4. Analog Connections 
for 0 to +IOV DAC Output. 


l~FI 


-;- 


+15V 
10 
10V 
16 


+ 
Ref 
1~FI 


-;- 
'l:t 
-15V 
-;- 
,.. 


l~F~ 
CO 
N0 
<CC 


Multiple DAC2814s 
Paralleled 


Data 
23 
Data In 
CS 
24 


LATCH 1 
22 
LATCH A 
-;- 


LATCH B 


ClK 
21 
ClK 
Data Out 
5 


Serial 
Data and 
Control In 


1 


-;- 
-;- 
DGND 


Data 
23 
CS 
24 
Data In 


lATCH 
22 
LATCH A 


2 
LATCH B 


ClK 
21 
ClK 
Data Out 


23 
Data In 
CS 
24 
23 
24 
Data In 
CS 


22 
LATCH A 
LATCH 2 
22 
lATCH 
A 


2 
2 
LATCH B 
LATCH B 


21 
ClK 
Data Out 
21 
ClK 
Data Out 


23 
Data In 
CS 
24 
23 
Data In 
24 
CS 


22 
LATCH A 
LATCH 3 
22 
LATCH A 


2 
LATCH B 
2 
lATCH 
B 


21 
ClK 
Data Out 
To Other DACs 
21 
5 
ClK 
Data Out 


FIGURE 6. Cascaded Serial Bus Connection 
for Multiple 
DAC packages. 


FIGURE 7. Parallel 
Bus Connection 
for Multiple DAC 


packages. 
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DUAL 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (a-Bit Port Interface) 


• 
COMPLETE 
DUAL DAC - 


INCLUDES 
INTERNAL 
REFERENCES 
AND 


OUTPUT AMPLIFIERS 


• 
GUARANTEED 
SPECIFICATIONS 
OVER 
TEMPERATURE 


• 
GUARANTEED 
MONOTONIC 
OVER 


TEMPERATURE 


The DAC2815 is one in a family of dual and quad 12- 
bit digital-to-analog 
converters 
(DACs). Serial, 8-bit, 


l2-bit interfaces 
are available. 


The DAC2815 
is complete. 
It contains 
CMOS logic, 
switches, a high-performance 
buried-zener 
reference, 


and low-noise 
bipolar output amplifiers. 
No external 


components 
are required for either unipolar 0 to JOV, 
o to -lOV, 
or bipolar ±JOV output ranges. 


The DAC2815 
has a 2-byte (8 + 4) double-buffered 
interface. 
Data is first loaded (level transferred) 
into 
the input registers 
in two steps for each DAC. Then 
both DACs are updated simultaneously. 
The DAC has 


an asynchronous 
clear control for reset to unipolar or 
bipolar 
zero depending 
on the mode selected. 
This 


feature is useful for power-on reset or system calibra- 
tion. The DAC2815 
is packaged 
in a 28-pin plastic 
DIP rated for the -40°C 
to +85°C extended industrial 
temperature 
range. 


High-stability 
laser-trimmed 
thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified temperature 
range. 


• 
HIGH-SPEED 
8 + 4-BIT 
PARALLEL 
INTERFACE 


• 
LOW POWER: 
300mW 
(150mW/DAC) 


• 
LOW GAIN DRIFT: 5ppml°C 


• 
LOW NONLINEARITY: 
±1/2 LSB max 


• 
UNIPOLAR 
OR BIPOLAR 
OUTPUT 


• 
CLEAR/RESET 
TO UNIPOLAR 
OR 
BIPOLAR 
ZERO 


8-Bit 


Port and 
Control In 


BURR-SROWN<Il 
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SPECIFICATIONS, 
Guaranteed 
over TA = -40°C 
to +85°C unless otherwise 
specified. 


ELECTRICAL 


DAC2815AP 
DAC2815BP 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
Resolution 
12 
Brts 
V'H (Input High Vortage) 
2 
5 
V 
Il) 
Vil (Input Low Voltage) 
0 
0.8 
V 
~ 
I'N ( Input Current) 
T,: 
25·C 
±1 
)!A 
CO 
T A = -40°C 
to +85°C 
±10 
~A 
N 
C'N (Input Capacitance) 
0.8 
pF 
0 
ACCURACY 
« 
Integral, Relative Linearity(l) 
±1 
±1/2 
LSB 
C 
Differential 
Nonlinearity(2) 
T, = 25·C 
±1 
LSB 
T, = -40·C 
to +85·C 
+1.51-1 
±1 
LSB 
Unipolar Offset Error 
T, = +25·C 
±1 
±D.5 
mV 


T, = -40OC TO +85·C 
±3 
mV 


Bipolar Zero Error 
±20 
±10 
mV 


Gain Error Unipolar, Bipolar 
With Internal or Exlernal 
10.0V Ref 
±D.2 
±0.15 
% 


Power Supply Sensilivity(3j 
Vs: 
±1 l.4V to ±18V, 
30 
ppmFSRN 
U) 
VL = +4.5V to +5.5V 
a: 
TEMPERATURE 
DRIFT 
W 
Gain Drift Unipolar, Bipolar 
±5 
±30 
±20 
ppm/·C 
I- 


Unipolar Offset Drift 
±0.1 
±5 
ppmFSR/"C 
a: 
Bipolar Zero Drift 
±5 
±15 
±8 
ppmFSR/"C 
W 
REFERENCE 
OUTPUT 
> 
Output Voltage 
+9.980 
+10 
+10.020 
+9.985 
+10.015 
V 
Z 
Reference 
Drift 
±2 
±30 
±20 
ppmrc 


Output Current 
T, = 25·C 
+10/-5 
mA 
0 
T, : -40·C 
to +85·C 
+6.5/-5 
rnA 
0 
Max Load Capacitance 
(For Stability) 
500 
pF 


Short Circuit Current 
±20 
rnA 
" 
Load RegUlation 
40 
ppmlmA 
0 
(6. Your 
vs.6. ILOAO) 


Supply RegUlation 
±5 
ppmN 
..J 


(6 Voor YS6 Vs) 
« 
INVERTER 
Z 
-10V 
Reference(4), Inverter Output 
-10.020 
-10 
-9.980 
-10.015 
-9.985 
V 
« 
-10V 
Reference 
Drift 
±30 
±20 
ppmrc 
I 
DC Output Impedance 
0.1 
U 
0 
Output Current 
±7 
mA 


Max Load Capacitance 
(For Stability) 
200 
pF 
l- 


I 
Short Circuit Current 
±30 
mA 
..J 


REFERENCE 
INPUT 
~ 
Reference 
Input Resistance 
3.5 
5 
kU 


Inverter Input Resistance 
7 
10 
ill 


SPO Input Resistance 
14 
20 
kU 
" 
Reference 
Input Range 
±10 
V 
C 
ANALOG 
SIGNAL 
OUTPUTS 
Voltage Range 
-Vs+ 
1.4 
+Vs- 
1.4 
V 


DC Output Impedance 
0.1 
U 


Output Current 
±5 
mA 


Max Load Capacitance 
(For Stability) 
Valli 
500 
pF 
Short Circuit Current 
±30 
mA 


DYNAMIC 
PERFORMANCE(') 
CL = 100pF 
Unipolar Mode Settling Time 
To 1/2 LSB of Full Scale 
2.5 
10 
~s 


Bipolar Mode Settling Time 
To 1/2 LSB of Full Scale 
3.5 
10 
~s 


Slew Rate 
10 
ViliS 


Small-Signal 
Bandwidth 
3 
MHz 


ANALOG 
GROUND CURRENT 


(Code Dependent) 
±2 
mA 


DIGITAL 
CROSSTALK 
Full Scale Transition 
3 
nV-s 


CL=100pF 


DIA GLITCH IMPULSE 
30 
nV-s 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
+Vs and -Vs 
±11.4 
±15 
±18 
V 


+VL 
4.5 
5 
5.5 
V 


+Is 
+10 
+13.5 
mA 


-Is 
-10 
-13.5 
mA 
+IL 
Digital Inpuls = OV or +VL 
0.2 
1 
mA 


+IL 
Digital Inputs = V1L or V1H 
5 
mA 


TOlal Power, All DACs 
300 
410 
mW 


TEMPERATURE 
RANGE 


Specilied 
-40 
+85 
°C 
Operating 
-40 
+85 
°C 


Thermal Resistance, 
8», 
75 
°CIW 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 


Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


DAC2815AP 
28-Pin Plastic DIP 
215 
DAC2815BP 
28-Pin Plastic DiP 
215 


+VL 10 AGND.. 
. 
OV, +7V 
+VL 10 DGND 
OV, +7V 
+Vs to AGND .. 
. 
OV, +18V 


-Vs 10AGND 
OV,-18V 


AGND to DGND .. 
. 
±0.3V 


Any digital inpullo 
DGND 
-Q.3V, +VL +0.3V 


Ref In to AGND . 
. 
±25V 


Ref In to DGND 
±25V 
Storage Temperature 
Range 
-55°C 
to +125°C 


Operating Temperature 
Range 
. 
. 
-40°C 
to +85°C 


Lead Temperature 
(soldering, 
IDS) 
+300°C 


Junction Temperature 
.. +155°C 
Output Short Circuit 
Continuous to common or ±Vs 


Reference Short Circuit 
Continuous to common or +Vs 


LINEARITY 
ERROR 
MODEL 
(LSB) 


DAC2815AP 
±1 
DAC2815BP 
±112 


The information provided herein is believed to be reliable; however. BURR-BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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OJ 
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2 
D, 
Data bit 7 input 
27 
Ds 
Data bit 5 input 


3 
"" 
Address 0 input 
26 
D, 
Data bit 4 input 


4 
A, 
Address 
1 input 
25 
D3 
Data bit 3 input 
5 
ern 
Asychronous 
input reset to zero 
24 
D, 
Data bit 2 input 


6 
MODE 
Selection 
input for unipolar or bipolar 
reset to zero 
23 
D, 
Data bit 1 input 
7 
CS 
Chip select enable, DAC A and DAC B 
22 
Do 
Data bit 0 input 


8 
::'!.s 
Negative analog power supply, -15V 
input 
21 
WR 
Write input, DAC A and DAC B 
9 
LE 
Latch data enable, DAC A and DAC B 
20 
BPOA 
Bipolar offset input, OAC A 


10 
WL 
Positive 
logic power supply, +SV input 
19 
BPOB 
Bipolar offset input, DAC B 
11 
AGND 
Analog 
common 
18 
Inv In 
Inverter (A3) input 
12 
+Vs 
Positive analog 
power 
supply, +15V input 
17 
+VREF 
Out 
Reference 
voltage, 
+1OV output 
13 
VREF 
In 
± Reference 
voltage input 
16 
VouTA 
Analog output voltage, DAC A 
14 
lnvOut 
Inverter (A3) output 
15 
VOUT B 
Analog output voltage, DAC B 


Top View 


D. 


D, 


"" 
A, 


CLR 


MODE 


CS 


-Vs 


LE 


+VL 


AGND 


+Vs 


VREF 
In 


InvOut 
14 


80 


70 


60 


iil 50 
~ 
a: 
40 
a: 
(/) 
0.. 


30 


20 


10 


1k 


PSRR vs FREQUENCY 
(Bipolar Mode) 


! 
III 
I 
I Ii 


~ 200 
:>.3 
"'5150 
z 
" 
C> 
£! 100 
~ 


10k 


Frequency 
(Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 


:> +1.5 
§. 


g 
+1.0 


UJ 
e 
~ 
+0.5 
"0 
:a 


~ 
:;; -{l.5 
8. 


~ 
-1.0 


+0.01 


t 
+0.005 
g 
UJ 
c 
.0; 
" 
<I 


-{l.005 


-{l.0, 


-{l.015 


I 
I 


JI 
I 
I 
I 
I 
I 


Vs' 
±15V 
1r 


REF 


VL = 5V 


Ii 
// 
-- 


~ 
15 
G., 
::? 10 


>- 
111.4 
Ul 
8' 11.2 
<ii 


~ 
11 
« 
E 
--;, 10.8 
+i 


Time (500nsldiv) 


NOTE: 
Crosstalk 
is dominated by digital crosstalk! 


feedthrough 
of the CE signal. 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 


TA:: 
+25°C, 
Vs = ±12V 
or ±15V, 
VL = +SV unless otherwise noted. 


SETTLING TIME 
SETTLING TIME 
BIPOLAR (-10Vto 
+10V) 
BIPOLAR (+10V to -10V 
Step) 


> 
:;- 


U') 
~ 
~ 
E 
E 
-10V 
0r- 


£!. 
£!. 
V"", 
CO 
> 
> 
C\I 
0 
0 
•• 
,. 
0 
§ 
+10V 
V"", 
§ 
<t 
e 
+5V 
LE 
e 
+5V 
[E 
C 
« 
« 
> 
> 
<l 
OV 
<l 
OV 


Time (1~sldiv) 
Time (2~sldiv) 
-- 
ena:wI- 


SETTLING TIME 
SETTLING TIME 
a: 
UNIPOLAR (+10V to OV STEP) 
UNIPOLAR (OV to +1OV Step) 
W> 
Z 


> 
> 
0 
~ 
~ 
0 
E 
E 
:::. 
+10V 
V"", 


> 
> 
e" 
0 
OV 
V"", 


0 
,. 
•• 
0 
11 
§ 
...I 
~ 
+5V 
[E 
e 
+5V 
IT 
<t 
« 
« 
> 
> 
Z 
<l 
OV 
<l 
OV 
<t 
I 


Time (1~sldiv) 
Time (1~s/div) 
0l- 


I 
...I 


~ 


e" 
C 


MAJOR CARRY GLITCH 
DIGITAL FEEDTHROUGH 


IJlb~JI.loLj., 
·,,1- ·A.,U!·~J'lJI~J 
'1"V"'~"n"TV''''1 
. 


Time (1~sldiv) 


NOTE: 
Data transition 800HEX 
to 7FF HEX" 


nme 
(500nsldiv) 


DAe 
output 
noise due to activity on digital inputs 


with latch disabled. 


BURR-BROWNS 
11:11:11 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


PARAMETER 
MINIMUM 


I,-Address 
Valid to Write Setup Time 
lOns 


tz-Address 
Valid to Write Hold Time 
lOns 


t3-Data 
Setup Time 
30ns 
t.-Data 
Hold Time 
10ns 
t5-ehip 
Select to LE 
ons 


or Write Setup Time 


lo-ehip 
Select 10LE 
ons 
or Write Hold Time 
t,-Write 
Pulse Width 
40ns 
ta-elear 
Pulse Widlh 
40n5 


~I 
1- 
"-I 
5V 
Ao-A, 
"'"""------- 
I 
~ 
oV 
-t3~-t4-' 


DATA E:::~::!Ji!iliiii.==::x==;;:;::]5V 


-15 
- 
-16--.-l 
OV 
cs~~~ 
-17- 
LE, WR 
'--.J 
~~ 
---------~5V 
CLR 
OV 


NOTES: (1) All input signal rise and fall times are measured 
from 10% to 90% of +SV. tR::: 
IF"" 5ns. 


(2) Timing measurement 
reference level is V1H + V1L • 
--2- 


MODE 
CLR 
LE 
CS 
WR 
A, 
A, 
FUNCTION 


X 
1 
1 
a 
a 
a 
a 
DAC A LS Input Register Loaded with 07-00 
(LSB) 
X 
1 
1 
a 
a 
a 
1 
DAC A MS Input Register Loaded with D3-(MSB)-Do 


X 
1 
1 
a 
a 
1 
a 
DAC B LS Input Register Loaded with 07-00 
(LSB) 
X 
1 
1 
a 
a 
1 
1 
DAC B MS Inpul Register Loaded with D3-(MSB)-Do 


X 
1 
a 
a 
1 
X 
X 
DAC A, DAC B Registers Updated Simultaneously 
from Input Registers 
X 
1 
a 
a 
a 
X 
X 
DAC A, DAC B Registers are Transparent 


X 
1 
X 
1 
X 
X 
X 
No Data Transfer 


X 
1 
1 
X 
1 
X 
X 
No Data Transfer 
a 
a 
X 
X 
X 
X 
X 
All Registers Cleared 
1 
a 
X 
X 
X 
X 
X 
Input Registers 
Cleared 
= OOOHEX,DAC Registers 
= 800HEX 


VREF In 


13 
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INPUT CODES 


All digital inputs of the DAC2815 
are TIL 
and 5V CMOS 
compatible. 
Input codes for the DAC2815 
are either USB 


(Unipolar 
Straight Binary) or BOB (Bipolar Offset Binary) 


depending on the mode of operation. 
See Figure 3 for ±JOV 
bipolar connection. 
See Figures 4 and 5 for 0 to JOV and 0 
to -JOV unipolar connections. 


UNIPOLAR 
AND BIPOLAR 
OUTPUTS 
FOR SELECTED 
INPUT 


DIGITAL INPUT 
UNIPOLAR 
(USB) 
BIPOLAR 
(BOB) 


FFFHEX 
+Full 
scale 
+Full scale 


800"", 
+1/2 Full scale 
Zero 


7FF""" 
+1/2 Full scale - 1 LSB 
Zero-1 
LSB 


000"", 
Zero 
-Full scale 


This term, also known as end point linearity, describes 
the 
transfer 
function 
of analog 
output 
to digital 
input code. 


Integral linearity error is the deviation 
of the analog output 
versus 
code transfer 
function 
from a straight 
line drawn 
through the end points. 


Differential 
nonlinearity 
is the deviation 
from an ideal 1 


LSB change 
in the output 
voltage 
when the input code 
changes by I LSB. A differential 
nonlinearity 
specification 


of ±I LSB maximum 
guarantees 
monotonicity. 


UNIPOLAR 
OFFSET 
ERROR 


The output voltage for code OOOHEX 
when the DAC is in the 
unipolar mode of operation. 


BIPOLAR 
ZERO ERROR 


The output voltage for code 800HEXwhen the DAC is in the 
bipolar mode of operation. 


The deviation of the output voltage span (VMAX- VMIN)from 
the ideal span of JOV - I LSB (unipolar mode) or 20V - I 
LSB (bipolar 
mode). The gain error is specified 
with and 
without the internal +1OV reference 
error included. 


The time required 
for the output voltage to settle within a 
percentage-of-full-scale 
error band for a full scale transition. 


Settling to ±O.OI2% (1/2 LSB) is specified for the DAC28l5. 


DIGITAL CROSSTALK 


Digital crosstalk is the glitch impulse measured at the output 
of one DAC 
due to a full scale transition 
on the other 
DAC-see 
Typical Performance 
Curves. It is dominated 
by 


digital coupling. Also, the integrated area of the glitch pulse 
is specified in nV-so See table of electrical 
specifications. 


Digital 
feedthrough 
is the noise at a DAC output 
due tom 


activity 
on the digital 
inputs-see 
Typical 
Performance 
Curves. 


OPERATION 


Depending 
on the address 
selected, 
the 4 MSBs or the 8 


LSBs are written into the appropriate 
input register for each 


DAC 
when the WR signal 
is brought 
low. This data 
is 


latched in the input register when the WR goes high. Data 
are then transferred from the input registers to the DAC latch 
registers by bring LE low. The data are latched in the DAC 
latch registers when LE goes high. Both DACs are updated 
simultaneously. 


When CLR is brought low, the input registers are cleared to 
OOOHEX 
(-JOV), while the DAC registers = 800HEX'If LE is 
brought low, the DACs are updated with OOOHEX 
resulting in 
-JOV (bipolar) or OV (unipolar) 
on the output. 


CIRCUIT 
DESCRIPTION 


Each of the two DACs in the DAC2815 consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener 
+ JO.OVreference and a reference inverter 
(for a -IO.OV reference) 
are shared by both DACs. 


Figure 
I is a simplified 
circuit for a DAC cell. An R, 2R 
ladder network 
is driven 
by a voltage 
reference 
at VREF' 


Current from the ladder is switched either to lOUTor AGND 
by 12 single-pole double-throw 
CMOS switches. This main- 


tains constant current in each leg of the ladder regardless 
of 


BURR-BROWN_ 
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/./../ 
I 


:.!. , 
i 'i": 


RGND 
RGND 


digital input code. This makes the resistance at VREF constant 
(it can be driven by either a voltage or current reference). 
The reference can be either positive or negative polarity with 
a range of up to ±IOV. 


CMOS switches included in series with the ladder terminat- 
ing resistor and the feedback 
resistor, RFB, compensate 
for 
the temperature 
drift of the ladder switch ON resistance. 


The output op amps are connected as transimpedance 
ampli- 


fiers to convert the DAC-cell 
output current into an output 
voltage. 
They have been specially 
designed 
and compen- 


sated for precision 
and fast settling in this application. 


POWER SUPPLY CONNECTIONS 


The DAC281S 
is specified 
for operation 
with power sup- 
plies of VL= +SV and Vs = either ±12V or ±ISV. Even with 
the Vs supplies at ±11.4V the DACs can swing a full ±IOV. 
Power supply decoupling 
capacitors 
(l~ 
tantalum) should 
be located close to the DAC power supply connections. 


Separate 
digital 
and analog 
ground 
pins are provided 
to 
permit separate current returns. They should be connected 
together 
at one point. 
Proper 
layout 
of the two current 
returns 
will prevent 
digital 
logic switching 
currents 
from 
degrading 
the 
analog 
output 
signal. 
The 
analog 
ground 
current 
is code dependent 
so the impedance 
to the system 
reference 
ground 
must be kept to a minimum. 
Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than o.ln 
for less than O.ILSB error. 


-10V 
REFERENCE 


An 
internal 
inverting 
amplifier 
(Gain 
= -l.OV/V) 
is 
provided to invert the + 1OV reference. Connect +VREF Out to 
Inv In for a -IOV reference 
at Inv Out. 


OUTPUT 
RANGE CONNECTIONS 


±10V Output 
Range 


For a ±IOV bipolar outputs connect the DAC281S as shown 
in Figure 3. Connect the MODE to logic high (+SV) for reset 
to bipolar 
zero. With MODE connected 
low (GND) 
reset 
will be to -Full-Scale. 


o To +10V Output 
Range 


For 0 to +JOV unipolar 
outputs connect 
the DAC281S 
as 


shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 
o To -10V 
Output 
Range 


For 0 to -JOV 
unipolar 
outputs connect 
the DAC281S 
as 


shown in Figure S. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 


CONNECTION 
TO DIGITAL BUS 


DAC281Ss 
can easily be connected 
to a llProcessor 
bus. 


Decode 
your 
address 
lines to derive 
the control 
signals 
shown in Figure 6. Only one LATCH signal is required for 
a system where all DAC281Ss 
are updated simultaneously. 


If you want to update DAC281Ss 
independently, 
use sepa- 
rate LATCH signals. The LATCH and WRITE signals can 
be brought low simultaneously 
to update the DAC registers 


with the same processor instruction that writes the final 8-bit 
data word the DAC input registers. 
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+ 
l~FI 


12 


8-Bit 
Port and 
Control In 


+5V 
10 


+ 
l~FI 


+15V 
12 


+ 
l~FI 


-:- 


-15V 


1~F~ 


8-Bit 
Port and 
Control I" 
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10 
DAC2815 
+5V 
+ 


1~FI 


10V 
17 
-=- 
12 
Ret 
+15V 
+ 
1~FI 


-=- 
-=- 


-15V 


1~F~ 


8-Bit 


Port 
and 


Control In 


DAC2815 


1-2,22-27 
CS ~ 
Data In 


21 WR 


9LE 


3Ar, 


4 A, 


DAC2815 


1-2,22-27 
CS ~ 
Data In 


21 WR 


9LE 


3Ar, 


4 A, 


WRITE 1 


LATCH 


FIGURE 6. Logic Connection 
for Multiple DAC2815 
Packages. 
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QUAD 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (12-bit port interface) 


• 
MONOTONICITY 
GUARANTEED 
OVER 


TEMPERATURE 


• 
INTEGRAL 
LINEARITY 


ERROR: ±1/2LSB 
max 


• 
±12V to ±15V SUPPLIES 


• 
28-PIN 
PLASTIC 
DIP PACKAGE 


• 
COMPLETE 
WITH REFERENCE 
AND 
OUTPUT 
AMPLIFIERS 


• 
12-BIT 
PORT INTERFACE 


• 
ANALOG 
OUTPUT 
RANGE: 
±10V 


chronously 
reset to bipolar zero, a feature useful for 
power-up reset, system initialization 
and recalibration. 


DAC4813 D/A converters 
are committed 
to the ±IOV 
output range only. Gain and offset are not externally 
adjustable. 


DAC4813AP 
is available 
in one performance 
grade 
with a integral linearity 
error of 1/2LSB and 12-bit 
monotonicity 
guaranteed over temperature. 
It is pack- 
aged in 28-pin O.6in. wide plastic DIP package 
and 
specified 
over --4O"C to +85°C. 


DAC4813 
is a complete quad 12-bit digital-to-analog 
converter 
with bus interface 
logic. Each package 
in- 


cludes 
a precision 
+ IOV voltage 
reference, 
double- 


buffered 
bus interface 
including 
a RESET 
function 
and 12-bit D/A converters 
with voltage-output 
opera- 


tional amplifiers. 


The 
double-buffered 
interface 
consists 
of a 12-bit 


input latch and a D/A latch for each D/A converter. A 
RESET 
control 
allows the D/A outputs to be asyn- 
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SPECIFICATIONS 


ELECTRICAL 
TA = +25°C, +Vcc:: 
+12Vor 
+15V, -Vec =-12Vor-15V 
unless otherwise noted. 
I 
DAC4813 
I 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
I 
UNITS 


INPUTS 
DIGITAL 
INPUTS 
Over Temperature 


Input Code 
(1) 


-_:::. 


Range 
Bipolar Offsel Binary 
Logic Levels 
(2) 
VIH(3j 
+2 
+5.5 
V 


V'l 
0 
+0.8 
V 


Logic Input Curre~ 
___ 


DBO-DB11, WR, LDAC, RESET,ENx 


I'H 
V,. 
+2.7V 
±40 
ItA 


I'l 
V, • +O.4V 
±40 
ItA 


TRANSFER 
CHARACTERISTICS 
- 


ACCURACY 
Linearity Error 
±1/4 
±112 
LSB 


Differential Linearity Error 
±112 
±1 
LSB 
Gain Error 
±C.05 
±C.2 
- 
% 


Bipolar Zero Error 
(5) 
, 


±C.05 
±C.2 
%FSR(4) 


Power Supply Sensitivity 
. 


Of Full Scale +Vcc 
±5 
±20 
ppmFSRfYo+Vcc 
-Vec 
±1 
±10 
ppmFSRIo/~Vcc 


DRIFT 
Over Specification 
Temperature 
Range 


Gain 
±5 
±30 
ppml"C 
Bipolar Zero Drift 
±5 
±15 
ppmFSRI"C 
Linearity Error over Temperature 
±112 
±3!4 
LSB 


Monotonicity 
Guaranteed 


DYNAMIC CHARACTERISTICS 


SETTLING 
TIME 
(6) 
To wilhin ±0.012%FSR 
of Final Value 
51<0II 500pF Load 
Full Scale Range Change 
20V Range 
4.5 
6 
~s 
1LSB Ou1put Step (7) AI Major Cany 
2 
~ 
Slew Rate 
10 
V1~s 


Crosstalk 
(8) 
51<0Loads 
0.2 
LSB 


OUTPUT 
Oulput Voltage Range 
±Vcc ~±11.4V 
±10 
V 


Output Current 
±5 
mA 


Oulput Impedance 
0.2 
n 
Short Circuit to ACOM Duration 
alDC 
Indefinite 


REFERENCE 
VOLTAGE 


Voltage 
+9.95 
+10.00 
+10.05 
V 
Source Current Available 
for External Loads 
2 
mA 
Impedance 
0.2 
n 


Temperature 
Coefficient 
±5 
±25 
ppml·C 
Short Circuit to Common Duration 
alDC 
Indefinite 


POWER SUPPLY 
REQUIREMENTS 


Voltage: +Vcc 
+11.4 
+15 
+16.5 
V 
-Vcc 
-11.4 
-15 
-16.5 
V 
Current: 
No Load 


±Vcc·±15V 


+Vcc 
48 
60 
mA 
-Vcc 
24 
28 
mA 
Power Dissipation 
1080 
1320 
mW 
Potential al DCOM wilh 
Respect 10ACOM 
(9) 
-3 
+3 
V 


TEMPERATURE 
RANGES 
Specification 
-40 
+85 
·C 
Storage 
~O 
+100 
OC 


Thermal Resistance, 
8JA,Plastic 
DIP 
30 
·CIW 


NOTES: (1) For Two's Complement Input Coding invert the MSBwith an external logic inverter. (2) Digital inputs are TILand 
+5V CMOScompatibleoverthe 
specification 
temperalure 
range. (3) Open DATA input lines will be pulled above +5.5V. See discussion under LOGIC INPUT COMPATIBILITY 
In the OPERATION 
section. (4) FSR 
means Full Scale Range. For example, for ±10V output, FSR = 20V. (5) Error at input code 800HEX.(6) Maximum represents the Sa limit. Not 100% tested for this 
parameter. (7) For the worst·case code change: 7FFHExto 800HEXand 800HEXto 7FFHEX.(8) Crosstalk is defined as the change in any output as a result of any other 
output being driven 
from -tOY 
to .•.10V at rated output current 
(9) The maximum VOltage at which ACOM and DCOM may be separated without affecting accuracy 
specifications. 
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+Ycc to ACOM 
. 
Oto +18Y 
-Ycc 
to ACOM 
... 0 to -18Y 
+Ycc to -Ycc 
. 
0 to +36Y 
ACOM to DCOM 
...... ±4Y 
Digital Inputs to DCOM 
-lY 
to +Ycc 


External Yoltage applied to BPO Resistor 
±18Y 
VREFOUT' 
Indefinite 
short 10 ACOM 


YOUT 
.. 
.. 
. 
Momentary to ±18Y 


Lead Temperature, 
soldering 
105 
. 
+3000C 
Max Junction 
Temperature 
165°C 


NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions 
for extended 
periods 
may affect device 
reliability. 


TEMPERATURE 


MODEL 
PACKAGE 
RANGE 


DAC4813AP 
Plastic DIP 
-400C to +85'C 


WRITE CYCLE #1 


(Load first rank from Data Bus: LDAC = 1) 


~->50nS~y 
Ir== > 50ns--!l 


~D~B~l~l-~D~B~O~~~~~~~~~~ 
...,X~ 
_ 
-L~s 


Ul>50nsJ 


TIMING DIAGRAMS 
(CONT) 


RESET COMMAND 
(Bipolar Mode) 


ENx, LDAC, WR - Don't Care 


~,-------,f 
-- 
> 50ns 
-- 
-+- lSETTUNG---+- 


L__ 
r- 


±1/2LSB 


&oisCHi"RGE S"ENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection methods. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


DAC4813AP 
28·Pin Plastic DBL Wide DIP 
215 


(Load second 
rank from first rank: ENx = 1) 


~I=---> 
50ns- 


LDAC 
-'r\;~. 
J1 


________ 
~>5ons-I- 
__ --- 


WR 
~~_~! 


.- 
tSETTlING~ 
_ 


_Y_OU_T 
~~l/L:- 
- 


WR 
EN1 
I 
EN2 
EN3 
EN4 
LDAC 
RESET 
OPERATION 
I 
X 
X 
X 
X 
X 
X 
0 
Reset all D/A Latches 
I 
1 
X 
X 
X 
X 
X 
1 
No Operation 
X 
1 
1 
1 
1 
1 
1 
No Operation 
0 
1 
1 
1 
0 
1 
1 
Load Data into First Rank for D/A 4 
0 
1 
1 
0 
1 
1 
1 
Load Data into First Rank for D/A 3 


0 
1 
0 
1 
1 
1 
1 
Load Data into First Rank for D/A 2 
0 
0 
1 
1 
1 
1 
1 
Load Data into First Rank for D/A 1 
0 
1 
1 
1 
1 
0 
1 
Load Second Rank from First Rank, All D/As 


0 
0 
0 
0 
0 
0 
1 
All Latches 
Transparent 
.. 
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2 
DB10 
3 
DB9 
4 
DB8 
5 
DB7 
6 
DB6 
7 
DB5 
8 
DB4 
9 
DB3 
10 
DB2 
11 
DB1 
12 
DBO 
13 
RESET 


14 
WR 
15 
EN1 
16 
EN2 
17 
EN3 
18 
EN4 
19 
LDAC 
20 
DCOM 
21 
-Vcc 
22 
ACOM 
23 
+Vcc 


24 
V,,,,,, 
25 
VO</n 
26 
Your 
2 
27 
VO<!" 


28 
VREFOUT 


U'"' I A, M~t:S, poSItive true. 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA, LSB. 
Resets 
output of all D/As to bipolar·zero. 
The D/A remains 
in this state until overwritten 
by a LDAC-WR 
command. 
RESET 
does not reset the input latch. After power-up 
and reset, input latches will be in an indeterminant 
state. 


Write strobe. Must be low for data transfer to any latch (except RESET). 
Enable for 12-bit input data latch of D/A 1. NOTE: This logic path is slower than the WRJ path. 


Enable 
for 12·bit input data latch of D/A2. 
NOTE: 
This logic path is slower than the WRf path. 
Enable for 12-bit input data latch of D/A3. NOTE: This logic path is slower than the WR Ipath. 
Enable tor 12-bit input data latch of DIM. 
NOTE: This logic path is slower than the WRJ path. 
Load DAC enable. 
Must be low with WR for data transfer 
to the D/A latch and simultaneous 
update 
of all D/A converters. 


Digital common, 
logic currents 
return. 
Analog supply input, nominally -12V 
or-15V 
referred to ACOM. 
Analog common, +Vcc' -Vcc 
supply return. 
Analog 
supply input, nominally 
+12V or +15V referred 
to ACOM. 
D/A 4 analog output. 
D/A 3 analog output. 
D/A 2 analog output. 
D/A 1 analog 
output. 


+1OV reference 
output. 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no rosponsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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WR 
25k!l 


EN, 
('I) 


'I"'" 


25k!l 
CO 
~0 
c(c 


=h 
25k!l 


EN, 
12·BII Input Latch 
ene:: 


12-Blt D/A Latch 
W 
o-a~ 
l- 
e:: 
W>Z 


, 
0 
=h 
0 
G 
25k!l 
C'0 
EN, 
12-BII Input Latch 
..J 
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c( 
12·Blt D/A Latch 
~~ 
Z 
c( 
I0l- 
I 
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, 


~ 
G 
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25k!l 
C' 


EN, 
12-Bltlnput 
Latch 
C 


25k!l 


LDAC 
12-Blt D/A Latch 
o-a~ 


RESET 


~@]@J 


DCOM +Vcc -Vcc 
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TYPICAL PERFORMANCE CURVES 


1k 
10k 


Frequency (Hz) 


12.0 


9.6 


~ 
7.2 
- 
4.8 
C~ 
2.4 
u 
0 


~ 
-2.4 


£: -4.8 


-7.2 
-9.6 


-12.0 
-2 


v.;R 
I 


1 
.I~ 
I 
RESET. 
LDAC 


//, 


ENx 
// 


J 


DBo·DB,,: DAC4813 


I 
I 


2 
4 


Input Voltage (V) 


~ 


~ 
7 
..••..•.. 
~ 
7 


g 
w 
0 


c 
'<ij 
Cl 
<l 


400 
800 
COO 


Input Code (Hexidecimal) 


15 
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-5 


-10 


.J 
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WR 


\v 
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200 


150 
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0 
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800H 
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7FFH 
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4 
6 


Time (~s) 
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TYPICAL PERFORMANCE CURVES (CO NT) 


20 


20 
VO<JT 
1LSB : 4.88mV 


10 
:;- 
10 
:;- 
g 
g 


>-> 
§~ 
"0 
o~ 
0 
>1 
> 
+ 
-10 
§ 
§ 
e 
+5 
e 
« 
-10 
~ 
« 
-20 


-20 
I~ 
-40 


-2 
0 
4 
6 
8 
10 
12 
-2 
0 


Time (~s) 


DISCUSSION OF 
SPECIFICATIONS 


LINEARITY 
ERROR 


Linearity 
error 
is defined 
as the deviation 
of the analog 


output from a straight 
line drawn between 
the end points 
(digital 
inputs 
all "Is" 
and all "Os"). DAC4813 
linearity 
error is ±1/2LSB 
max at +25°C. 


DIFFERENTIAL 
LINEARITY 
ERROR 
Differential 
Linearity 
Error (DLE) is the deviation 
from a 
ILSB output change from one adjacent state to the next. A 
DLE specification 
of I/2LSB means that the output step size 
can range from I/2LSB 
to 3/2LSB 
when the digital input 


code changes from one code word to the adjacent code word 
If the DLE is more positive than -ILSB, 
the D/A is said to 


be monotonic. 


A DIA converter is monotonic 
if the output either increases 
or remains 
the same for increasing 
digital 
input 
values. 


DAC4813 
is monotonic over their specification 
temperature 
range -40°C to +85°C. 


DRIFT 


Gain Drift is a measure 
of the change 
in the Full Scale 


Range (FSR) output over the specification temperature range. 
Gain 
Drift 
is expressed 
in parts 
per million 
per degree 


Celsius (ppm/"C). 


Bipolar Zero Drift is measured 
with a data input of 800HEX' 


The D/A is configured 
for bipolar output. Bipolar Zero Drift 


is expressed 
in parts per million of Full Scale Range per 
degree Celsius (ppm of FSR/"C). 


I 
VOUT-- 


2 
6 


Time (~S) 


SETTLING 
TIME 


Settling Time is the total time (including 
slew time) for the 
output to settle to within an error band around its final value 
after 
a change 
in input. 
Settling 
times 
are specified 
to 


±0.01 % of Full Scale Range (FSR) for two conditions: 
one 


for a FSR output change of 20V (25kQ feedback) 
and one 


for a ILSB change. The ILSB change 
is measured 
at the 


Major Carry (7FF HEX to 800HEX' 
and 800HEX to 7FF HEX)' the 


input code transition 
at which worst-case 
settling time oc- 
curs. 


INTERFACE 
LOGIC 


The bus interface 
logic of the DAC4813 
consists 
of two 


independently 
addressable 
latches 
in two ranks 
for each 


D/A converter. 
The first rank consists 
of one l2-bit 
input 
latch which 
can be loaded 
directly 
from a 12- or 16-bit 
microprocessor/microcontroller 
bus. The input latch holds 


data temporarily 
before it is loaded into the second latch, the 


D/A latch. This double buffered organization 
permits simul- 
taneous update of all D/As. 


All latches are level-triggered. 
Data present when the con- 
trol signals 
are logic "0" will enter the latch. When 
the 
control signals return to logic" 
I", the data is latched. 


CAUTION: 
DAC4813 
was designed to use WR as the fast 
strobe. 
WR has a much 
faster 
logic 
path than ENx (or 
LDAC). Therefore, 
if one permanently 
wires WR to DCOM 
and uses only ENx to strobe data into the latches, the DATA 
HOLD time will be long, approximately 
20ns to 300s, and 


this time will vary considerably 
in this range from unit to 


unit. DATA nOLO 
time using WR is 5ns max. 


aURR - BROWNe 
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U-lL ••••J. 
a. J.'-.•....• 
~LJ., 
l:'UUU 
UcU(1 IIlUSl De wnuen 
to all 
the Input 
latches before an LDAC - WR command 
is issued. Other- 
wise, old data or unknown data is present in the input latches 
and will be transferred to the D/A latch producing an analog 
output value that may be unwanted. 


LOGIC INPUT COMPATIBILITY 


DAC4813 
digital inputs are TIL 
compatible 
(lAV 
switch- 
ing level) over the operating range of +VcC' Each input has 
low leakage and high input impedance. 
Thus the inputs are 
suitable 
for being 
driven 
by any type of SV logic. 
An 
equivalent 
circuit of a digital input is shown in Figure 
l. 


Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC4813, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, the 
speed of the interface will be slower. A digital output driving 
a DATA input line of the DAC4813 
must not drive, or let 
the DATA input float, above +S.SV. Unused DATA inputs 
should be connected 
to DCOM. 


Unused 
control 
inputs 
should 
be connected 
to a voltage 
greater than +2V but not greater than +S.SV. 
If this voltage 
is not available, the control inputs can be connected to +Vcc 
through a lOOkQ resistor to limit the input current. 


DAC4813 
DIGITAL 
INPUT 
Rn 


Data, lDAC, 
WR, RESET 
250 
ENx 
330 


INPUT CODING 


DAC4813 
accepts positive-true 
binary input codes. 


Input coding 
for bipolar 
analog outputs 
is Bipolar 
Offset 
Binary (BOB), where an input code of OOOHEX 
gives a minus' 


full-scale 
output, an input of FFF HEXgives an output ILSB 
below positive full scale, and zero occurs for an input code 
of 800HEX' 


DAC4813 
can be used with two's complement 
coding if a 
logic inverter is used ahead of the MSB input (DBII). 


VREF 
OUT' VREF 
OUT is available to drive external loads sourcing 
up to 2mA. The load current should be constant, 
otherwise 
the 
gain 
(and 
bipolar 
offset, 
if connected) 
of the 
D/A 
converters 
will vary. 


Because of the lack of additional 
pins required for external 
reference 
inputs, 
VREFOUT is connected 
internally 
to all 4 
D/A converters. 
VREF 
OUT is available for external use on pin 
28. 


GAIN AND OFFSET ADJUSTMENTS 


DAC4813 
has no Gain and Offset Adjustment 
option. 


POWER 
SUPPLY 
CONNECTIONS 


Power supply decoupling 
capacitors 
should be added. Best 
settling time performance 
occurs using a I to IOflF tantalum 
capacitor 
at -V cc' Applications 
with less critical 
settling 
time may be ale to use 0.0 IflF at 
-V cc as well as at +VCC' 
The capacitors 
should be located close to the package. 


DAC48 I3 features separate digital and analog power supply 
returns to permit optimum 
connections 
for low noise and 
high speed performance. 
It is recommended 
that both DIGI- 
TAL 
COMMON 
(DCOM) 
and 
ANALOG 
COMMON 
(ACOM) be connected 
directly to a ground plane under the 
package. If a ground place is not used, connect the ACOM 
and DCOM 
pins together 
close to the package. 
Since the 
reference point for VOUT and VREF 
OUT is the ACOM pin, it is 
also important to connect the load directly to the ACOM pin. 
The change in current in the ACOM pin due to an input date 
word change from OOOHEXto FFFHEXis only ImA for each 
D/A converter. 


OUTPUT 
VOLTAGE 
SWING 
AND RANGE CONNECTIONS 
DAC4813 
output amplifiers 
provide a ±IOV output swing 
while operating 
on supplies as low as ±12V ±S%. 


DAC4813 
is fully committed 
to ±lOV output ranges. 
Op- 
tional ranges are not pin programmable. 


12- AND 16-BIT BUS INTERFACES 


DAC4813 data is latched into the input latches of each D/A 
by asserting low each ENx 
individually 
and transferring 
the 
data from the bus to each input latch by asserting WR low. 
All D/A outputs in each package are then updated simulta- 
neously by asserting LDAC and WR low. 


Be sure to read the CAUTION 
statement 
in the LOGlC 
INPUT COMPATIBILITY 
section. 


BURR·BROWNI8 


Burr-Brown IeData Book-Mixed 
Signal Products 
1E3E31 
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Quad 12-Bit Digital-to-Analog Converter 
(Serial Interface) 


• 
COMPLETE 
QUAD DAC - 
INCLUDES 
INTERNAL 
REFERENCES 
AND 
OUTPUT 
AMPLIFIERS 


• 
GUARANTEED 
SPECIFICATIONS 
OVER TEMPERATURE 


• 
GUARANTEED 
MONOTONIC 
OVER 
TEMPERATURE 


• 
HIGH-SPEED 
SERIAL 
INTERFACE 
(10MHz 
CLOCK) 


• 
LOW POWER: 
600mW 
(150mW/DAC) 


• 
LOW GAIN DRIFT: 5ppml°C 


• 
LOW NONLINEARITY: 
±1I2 LSB max 


• 
UNIPOLAR 
OR BIPOLAR 
OUTPUT 


• 
CLEAR/RESET 
TO UNIPOLAR 
OR 
BIPOLAR 
ZERO 


The DAC4814 is one in a family of dual and quad 12- 
bit digital-to-analog 
converters. 
Serial, 
8-bit, 
12-bit 
interfaces 
are available. 


The DAC4814 
is complete. 
It contains CMOS logic, 


switches, a high-performance 
buried-zener 
reference, 
and low-noise 
bipolar output amplifiers. 
No external 
components 
are required for either unipolar 0 to tOV, 


o to -tOV, 
or bipolar ±tOV output ranges. 


The 
DAC4814 
has 
a high-speed 
serial 
interface 
capable 
of being clocked 
at tOMHz. Serial data are 
clocked DAC D MSB first into a 48-bit shift register, 
then strobed 
into each DAC 
separately 
or simulta- 
neously as required. 
The DAC has an asynchronous 
clear 
control 
for reset 
to unipolar 
or bipolar 
zero 


depending on the mode selected. This feature is useful 
for power-on reset or system calibration. The DAC4814 
is packaged in a 28-pin plastic DIP rated for the --40°C 
to +85°C extended 
industrial temperature 
range. 


High-stability 
laser-trimmed 
thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified 
temperature 
range. 


Serial 
Data 
18 
Out 
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SPECIFICATIONS, 
Guaranteed 
over TA = -40°C 
to +85°C unless otherwise 
specified. 


ELECTRICAL 


DAC4814AP 
DAC4814BP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
Resolution 
12 
, 
Bits 


V," (Input High Voltage) 
+2 
+5 
V 
V" 
(Input Low Vottage) 
0 
+0.8 
V 
I'N ( Input Current) 
T•• 
2SoC 
±1 
~A 
T A = -40°C to +85°C 
±10 
~A 


GIN (Input Capacitance) 
- 
0.8 
pF 


DIGITAL 
OUTPUT 
Data Out VOl 
ISINK 
:: 1.6mA 
0 
+0.4 
V 
Voo 
ISOURCE= SOO~ 
+2.4 
+5 
V 


ACCURACY 
Integral, Relative Linearity(1) 
±1 
±1/2 
LSB 
Differential 
Nonlinearity(2) 
T. 
= 25°C 
±1 
-,- 
LSB 


TA ::: -40°C to +85°C 
+1.51-1 
±1 
LSB 


Unipolar Offset Error 
T. = +2SoC 
±1 
±O.S 
mV 


TA 
:E: -40°C 
to +85°C 
±3 
mV 


Bipolar Zero Error 
±20 
±10 
mV 
Gain Error Unipolar, Bipolar 
With Internal or External 10.0V Ref 
±O.2 
,,;i 
±O.lS 
% 


Power Supply Sensitivity(3) 
Vs =±11.4V 
to ±18V 
30 
ppmFSRN 


V, = +4.SV to +S.SV 


TEMPERATURE 
DRIFT 


Gain Drift Unipolar, Bipolar 
±S 
±30 
±20 
ppml°C 


Unipolar Offset Drift 
±0.1 
±S 
ppmFSR/oC 
Bipolar Zero Drift 
±S 
±1S 
±8 
ppmFSRJOC 


REFERENCE 
OUTPUT 
Output Voltage 
+9.980 
+10 
+10.020 
+9.985 
+10.015 
V 
Reference 
Drift 
±2 
±30 
±20 
ppml"C 


Output Current 
T•• 
2SoC 
+10/-5 
mA 
T A 
:::: -40°C to +85°C 
+6.5/-5 
mA 
Max Load Capacitance 
(For Stability) 
500 
pF 
Short Circuit Current 
±20 
mA 
Load Regulation 
40 
ppmlmA 


(A V0Lrr VS A 1'0'0) 
Supply Regulation 
±S 
- 
ppmN 
(A VOLrrvs A Vs) 


INVERTER 


-10V Reference("}, 
Inverter Output 
-10.020 
-10 
-9.980 
-10.015 
-9.985 
V 
-10V 
Reference 
Drift 
±30 
±20 
ppml"C 


DC Output Impedance 
0.1 
n 


Output Current 
±7 
mA 
Max Load Capacitance 
(For Stability) 
200 
pF 
Short Circuit Current 
±30 
mA 


REFERENCE 
INPUT 


Reference 
Input Resistance 
1.75 
2.5 
kn 


Inverter Input Resistance 
7 
10 
kn 


BPO Input Resistance 
14 
20 
kn 


Reference 
Input Range 
±10 
V 


ANALOG 
SIGNAL 
OUTPUTS 


Voltage Range 
-Vs+1.4 
+Vs- 
1.4 
V 
DC Output Impedance 
0.1 
n 
Output Current 
±S 
mA 
Max Load Capacitance 
(For Stability) 
VOUT 
500 
pF 
Short Circuit Current 
±30 
mA 


DYNAMIC 
PERFORMANCE!') 
C, = 100pF 


Unipolar Mode Settling Time 
To 1/2 LSB of Full Scale 
2.5 
10 
~s 


Bipolar Mode Settling Time 
To 1/2 LSB of Full Scale 
3.5 
10 
~s 


Slew Rate 
10 
VI~s 
Small-Signal 
Bandwidth 
3 
MHz 


ANALOG 
GROUND 
CURRENT 


(Code Dependent) 
±4 
mA 


DIGITAL CROSSTALK 
Full Scare Transition 
3 
nV-s 


G,= 100pF 


D/A GLITCH IMPULSE 
30 
nV-s 
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SPECIFICATIONS 
(CONT), Guaranteed 
over TA = -40°C 
to +85°C unless otherwise 
specified. 


ELECTRICAL 


PARAMETER 


POWER SUPPLY 
+Vs and -Vs 
+VL 
+Is 
-Is 
+IL 
+IL 
Total Power, All DACs 


TEMPERATURE 
RANGE 
Specified 
Operating 
Thermal 
Resistance, 
8JA 


Specifications 
as shown for Vs = ±12V or ±15V, VL = +SV, and Rl = 2kQ unless otherwise 
noted. 


DAC4814AP 


MIN 
TYP 
MAX 


±11.4 
±15 
±18 
4.5 
5 
5.5 
+20 
+24 
-20 
-25.5 
0.4 
2 
10 
600 
753 


-40 
+85 


-40 
+85 
75 


DAC4814BP 


MIN 
TYP 
MAX 
UNITS 


V 
V 
~ 
mA 
T"" 
mA 
CO 
mA 
~ 
mA 
0 
mW 
<C 


·C 
C 


·C 


·CIW 


+VL to AGND.. 
. OV, +7V 
+VL to DGND . 
.. 
OV, +7V 
+Vs to AGND 
OV, +18V 
-Vs to AGND . . 
.. 
OV,-18V 
AGND to DGND 
.. 
±0.3V 
Any digital input to DGND . 
. 
-o.3V, 
WL +0.3V 
Ref In to AGND 
±25V 
Ref In to DGND 
±25V 
Storage Temperature 
Range 
-55°C to +125°C 
Operating Temperature 
Range 
-40°C 
to +85°C 
Lead Temperature 
(soldering, 
10s) 
+300°C 
Junction Temperature 
+155°C 
Output Short Circuit. 
. 
Continuous to common or ±Vs 
Reference Short Circuit 
Continuous to common or +Vs 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can 
cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends 
that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


DAC4814AP 
28-Pin Plastic DBL Wide DIP 
215 
DAC4814BP 
28-Pin Plastic DBL Wide DIP 
215 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR·BRQWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
aE:&umeE: 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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1 
Vour B 
Analog output voltage, DAC B 
28 
+VL 
Positive 
logic power supply, 
+SV input 


2 
VOUT A 
Analog output voltage, DAC A 
27 
LATCH A 
latch 
data update, logic input, DAC A 


3 
Inv In 
Inverter (As) input 
26 
LATCH B 
latch 
data update, logic input, DAC B 
4 
+VREFOut 
Positive 
reference 
voltage 
output (+1OV output) 
25 
MODE 
Selection 
input for unipolar 
or bipolar reset to zero 


5 
BPOB 
Biplolar offset input, DAC B 
24 
ClR 
Asynchronous 
input reset to zero 
6 
BPOA 
Bipolar offset input, DAC A 
23 
Cs 
Chip select enable, DAC A, B, C, and D 


7 
-Vs 
Negative analog power supply, 
-15V 
input 
22 
Data In 
Serial 
data input 
8 
BPOD 
Bipolar offset input, DAC D 
21 
LATCH C 
latch 
data update, logic input, DAC C 
g 
BPOC 
Bipolar offset input, DAC C 
20 
LATCH D 
latch 
data update, logic input, DAC D 


10 
VREF 
In 
± Reference 
voltage 
input 
19 
ClK 
Clock input 


11 
InvOut 
inverter (As) output 
18 
DataOu! 
Serial data output 
12 
AGND 
Analog 
common 
17 
DGND 
Digital common 
13 
VOUT 
D 
Analog output voltage, DAC D 
16 
NC 
No internal 
connection 
14 
VOUT C 
Analog output voltage, DAC C 
15 
+Vs 
Positive analog power supply, +15V input 


PIN CONFIGURATION 


TOP VIEW 


VOUT B 
28 
+VL 


Vour A 
LATCH A 


Jnv In 
LATCH B 


+VREF Out 
MODE 


BPOB 
ClR 


BPOA 
Cs 


-Vs 
DAC4814 
Data In 


BPOD 
LATCHC 


BPOC 
LATCH D 


VREF In 
ClK 


Data Out 


AGND 
DGND 


Vour D 
NC 


VourC 
14 
15 
+Vs 


NC = No Internal 
Connection 


PSRR vs FREQUENCY 
(Bipolar Mode) 
80 
II 
=- 
70 


60 
~ 


1C 50 
:!1. 


i 
a: 
40 
a: 
(/) 
Your = OV 
11. 
30 
/1 
20 


10 
~ 
Vour=+10V~-.J 


0 


III 
.......-h-+ 


1k 
10k 
lOOk 
1M 


Frequency (Hz) 


250 


~ 


200 


~ 150 


.~0z 
" 
100 
0> 
.!!l 
0> 


50 


- 
- 


I 


- 
- 
- 
- 


- 
- 
- 


Vour = +10V 


- 
- 


FFFHEX 
/ 
I 
- 
~ 


- 
- 
/ 


7"'l 


Vour = OV 


--- 


I -- 
I 
800HEX 


10k 


Frequency (Hz) 
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:> 
.s 
1.0E+00 
g 
we 
5.0E+00 
~ 
'"~ 
O.OE+OO 


1-5.0E-Q1 
~ 
.~-1.0E+00 
<D 
<l 


-1.5E+00 


-40 
-20 


5.0E-03 l 
e 
O.OE+OO 
wc 
·m 


-5.0E-Q3 
~ 


20 
40 
60 


Temperature (OC) 


1III 
I 


Vs=±15V 
10V REF 


Vl =5V 


V/ 


~ 
_I--' 


21.8 
2.8 


21.5 
2.4 


-'" 
>. 
g: 21.2 
C.g. 


(/) 
(/) 
8' 20.9 
1.6 .2 
n; 
C) 
0 


~ 
206 


...J 
1.2 « 
« 
.s 
E 
-;;; 20.3 
0.8 ..• 
+i 


20 
0.4 


19.4 
0 


-40 
-20 
20 
40 
60 
80 


Temperature 
(OC) 


VOl/TA 


LATCH A 


Time (500nsJdiv) 


NOTE: Crosstalk is dominated 
by digital crosstalk! 


feedthrough 
of the LATCH signal. 
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TYPICAL PERFORMANCE CURVES (CONT) 


>- 
~ 
E~ 
>o 
'+§ +10V 


~ 
+sv 


~ 
ov 


>- 
~ 
~ 
-10V 
>o,. 
§ 


~ 
+sv 


~ 
ov 


SETTLING TIME 
SETTLING TIME 
UNIPOLAR (+10V to OV STEP) 
UNIPOLAR (OV to +10V Step) 


>- 
~ 
~ 
~ 
E 
2. +10V 
Voor 
<:- 
> 
> 
OV 
Voor 


0 
0 
'+ 
"0§ 
"0 
e 
§ 
< 
+SV 
LATCH 
e 
+SV 
LATCH 
> 
< 


<l 
> 


OV 
<l 
OV 


Time (1~stdiv) 
Time (1~stdiv) 


> 
~ 
OV 
Eo~ 


>~ 
+SV 


Time (l~stdiv) 


NOTE: 
Data transition 
SOOHEX 
to 7FF HEX" 


Time (SOOnstdiv) 


DAC output noise due to activity on digital inputs 
with latch disabled. 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
IEilEilI 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TIMING CHARACTERISTICS 


PARAMETER 
MINIMUM 


t,-Data 
Setup TIme 
15ns 
t".-Data 
Hold Time 
15ns 
t:rChip 
Select to CLK, 
15ns 
Latch, Data Setup TIme 
4-Chip 
Select to CLK, 
40ns 


Latch, Data Hold Time 
t,-CLK 
Pulse Width 
40ns 
t,-Clear 
Pulse Width 
40ns 
t,-latch 
Pulse Width 
40ns 
t,.-eLK 
Edge to LATCH A, 
15n5 
LATCH B, LATCH C, 
or LATCH D 


-IS -- 
CLK~".r\...J\J\-OV 


~!!S: •• 
========::::ll:::J g~ 
-13--12- 
Cs ,~ 
~r-5V 


LATCH A 
LATCHB 


LATCH C ---------------V----- 
5V 


LATCHD 
-t.- 
CLR ------------------'-J 
5V 


NOTES: 
(1) All input signal rise and fall times are measured 
from 10% to 90% of +SV • tR ::::IF = 50S. 


(2) Timing 
measurement 
reference 
level is VIH 
+ V1L 
. 
--2- 


INTERFACE 
LOGIC TRUTH TABLE 


MODE 
CLR 
CLK 
CS 
LATCH A 
LATCH B 
LATCHC 
LATCH D 
FUNCTION 


X 
~ 
0 
X 
X 
X 
X 
Data clocked in 
X 
X 
1 
X 
X 
X 
X 
No data transfer 
X 
X 
0 
0 
1 
1 
1 
DAC A register updated 
X 
X 
0 
1 
0 
1 
1 
DAC B register updated 
X 
X 
0 
1 
1 
0 
1 
DAC C register updated 
X 
X 
0 
1 
1 
1 
0 
DAC D register updated 
X 
X 
0 
0 
0 
0 
0 
All DAC registers updated simultaneously 
0 
X 
X 
X 
X 
X 
X 
All registers 
cleared 
1 
X 
X 
X 
X 
X 
X 
Shift registers 
cleared 
,. OOOHEX. 


DAC 
registers:::: 
aooHEX 


Note: X = Don't Care, 
~ = Falling edge triggered, 
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VREF In 


10 


12-Bil 
12-Bil 
Shift 
Bits 0-11 
lalch 
BrtsO-11 


ClK 
19 
Register 
Register 


LATCH A 
27 
Bit 11 


LATCH B 
26 
12-Bit 
12-Bil 
Shift 
Bits 0-11 
latch 
Bits 0-11 
Register 
Register 
1 
Your B 


LATCH C 
21 


Bit 11 


LATCH D 
20 


Conlroi 
logic 
12-Bil 
12-Bil 


CS 
23 
Shift 
Bits 0-11 
lalch 
BilsO-11 
Register 
Register 


ClR 
24 


Bit 11 


MODE 
25 


12-Bit 
12-Bil 
Shift 
Bits 0-11 
latch 
BrtsO-11 
Register 
Register 
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DISCUSSION OF 
SPECIFICATIONS 


INPUT CODES 


All digital inputs of the DAC4814 
are TIL 
and 5V CMOS 
compatible. 
Input codes for the DAC4814 
are either USB 
(Unipolar 
Straight Binary) or BOB (Bipolar Offset Binary) 
depending on the mode of operation. 
See Figure 3 for ±JOV 
bipolar connection. 
See Figures 4 and 5 for 0 to JOV and 0 
to -IOV 
unipolar connections. 


UNIPOLAR 
AND BIPOLAR 
OUTPUTS 
FOR SELECTED 
INPUT 


DIGITAL 
INPUT 
UNIPOLAR 
(USB) 
BIPOLAR 
(BOB) 


FFFHEX 
+Full scale 
+Full scale 
800HEX 
+1/2 Full scale 
Zero 
7FFHEX 
+1/2 Full scale -1 
LSB 
Zero-l 
LSB 


OOOHEX 
Zero 
-Full scale 


This term, also known as end point linearity, 
describes 
the 
transfer 
function 
of analog 
output 
to digital 
input code. 


Integral linearity error is the deviation of the analog output 
versus 
code transfer 
function 
from a straight 
line drawn 
through the end points. 


Differential 
nonlinearity 
is the deviation 
from an ideal 
I 
LSB change 
in the output 
voltage 
when 
the input code 
changes by I LSB. A differential 
nonlinearity 
specification 
of ±I LSB maximum 
guarantees 
monotonicity. 


UNIPOLAR 
OFFSET 
ERROR 


The output voltage for code OOOHEXwhen the DAC is in 
unipolar mode of operation. 


BIPOLAR 
ZERO ERROR 


The output voltage for code 800HEXwhen the DAC is in the 
bipolar mode of operation. 


The deviation 
of the output voltage 
span (VMAX- VMIN) 
from the ideal span of JOV - I LSB (unipolar mode) or 20V 
- I LSB (bipolar mode). The gain error is specified with and 
without the internal +IOV reference 
error included. 


The time required 
for the output voltage to settle within a 
percentage-of-full-scale 
error band for a full scale transition. 


Settling to±O.OI2% (1/2 LSB) is specified for the DAC4814. 


Ideally, the DAC uutput wuuld make a clean step change in 
response to an input code change. In reality, glitches occur 
during the transition. 
See Typical Performance 
Curves. 


Digital crosstalk is the glitch impulse measured at the output 
of one DAC 
due to a full scale transition 
on the other 


DAC-see 
Typical Performance 
Curves. It is dominated 
by 
digital coupling. Also, the integrated 
area of the glitch pulse 
is specified 
in nY-so See table of electrical 
specifications. 


Digital 
feedthrough 
is the noise at a DAC output 
due to 


activity 
on the digital 
inputs-see 
Typical 
Performance 
Curves. 


DACs can be updated 
simultaneously 
or independently 
as 


required. 
Data are transferred 
on falling clock edges intoa. 
48-bit shift register. DAC D MSB is loaded fIrst. Data are 
transferred 
to the DAC registers 
when the LATCH 
signals 


are brought 
low. The data are latched 
when the LATCH 
signals are brought high. All LATCH 
signals may be tied 
together 
to allow simultaneous 
update of the DACs if re- 
quired. The output of the DAC shift register is provided 
to 
allow cascading of several DACS on the same bit stream. By 
using 
separate 
signals 
for 
LATCH 
A 
, LATCH 
B, 


LATCH C, and LATCH D it is possible to update one of the 
four DACs every 12 clock cycles. 


When 
CLR is brought 
low, the input 
shift registers 
are 


cleared 
to OOOHEXwhile the DAC registers 
= 800HEX' If 
LATCH 
is brought low after CLR, the DACs are updated 


with OOOHEXresulting in -IOY (bipolar) or OY (unipolar) on 
the output. 


CIRCUIT 
DESCRIPTION 


Each of the four DACs in the DAC4814 consists ofa CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener 
+ JO.OYreference and a reference 
inverter 
(for a -IO.OV reference) 
are shared by all DACs. 


Figure 
I is a simplified 
circuit for a DAC cell. An R, 2R 
ladder network 
is driven 
by a voltage 
reference 
at VREF' 
Current from the ladder is switched either to lOUT or AGND 
by 12 single-pole double-throw 
CMOS switches. This main- 
tains constant current in each leg of the ladder regardless 
of 
digital input code. This makes the resistance 
at VREFcon- 
stant (it can be driven by either a voltage or current refer- 
ence). 
The 
reference 
can be either 
positive 
or negative 


polarity with a range of up to ±JOV. 
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CMOS switches included in series with the ladder terminat- 
ing resistor and the feedback resistor, RFB, compensate 
for 
the temperature 
drift of the ladder switch ON resistance. 


The output op amps are connected as transimpedance 
ampli- 
fiers to convert the DAC-cell 
output current into an output 
voltage. 
They have been specially 
designed 
and compen- 


sated for precision 
and fast settling in this application. 


POWER SUPPLY CONNECTIONS 


The DAC4814 
is specified 
for operation 
with power sup- 
plies ofVl = +SV and Vs= either ±l2V or±ISV. 
Even with 


the Vs supplies at ±11.4V the DACs can swing a full ±IOV. 
Power supply decoupling 
capacitors 
(lJ.lF tantalum) 
should 


be located close to the DAC power supply connections. 


Separate 
digital 
and analog 
ground 
pins are provided 
to 
permit separate current returns. They should be connected 
together 
at one point. 
Proper 
layout 
of the two current 
returns 
will prevent 
digital 
logic switching 
currents 
from 


degrading 
the 
analog 
output 
signal. 
The 
analog 
ground 


current is code dependent 
so the impedance 
to the system 


reference 
ground 
must 
be kept to a minimum. 
Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than O.IQ for less than O.lLSB error. 


-10V 
REFERENCE 


An 
internal 
inverting 
amplifier 
(Gain 
= -I.OVN) 
is 
provided to invert the + IOV reference. 
Connect +VREF Out 
to Inv In for a -IOV reference 
at Inv Out. 


OUTPUT 
RANGE CONNECTIONS 


±10V Output 
Range 


For a ±IOV bipolar output connect the DAC4814 
as shown 


in Figure 3. Connect the MODE to logic high (+SV) for reset 
to bipolar 
zero. With MODE connected 
low (GND) reset 
will be to -Full-Scale. 
o To +10V Output 
Range 


For 0 to +IOV unipolar 
outputs connect 
the DAC4814 
as 
shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


DAC4814 
DAC4814 
4 


101Ul 


+5V 
28 


10V 
+ 
10V 


Ref 
l~FI 
Ref 


"7 
'll:t 


"7 
"7 
,... 
CO 
"7 
+15V 


"7 


10 
'll:t 
10 
15 
0_ 
+ 
6 
l~FI 
« 
C 
"7 


VoUTA 


-15V 
7 


l~F~ 
ena: 
"7 
WI-a: 
Vour B 
VOUT B 
W> 
Z0 
0 
CJ0 


Vour c 
..J«Z« 
I0l- 
I..J 


Vour 0 
~ 
CJ 


"7 
"7 
C 


o To -10V 
Output 
Range 


For 0 to -JOV unipolar 
outputs connect the DAC4814 
as 
shown in Figure 5. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 


CONNECTION 
TO DIGITAL 
BUS 


Cascaded 
Bus Connection 


Multiple DAC48l4s 
can be connected to the same CLK and 


DATA input lines in two ways. Since the output of the DAC 
shift register is available, any number of DAC48l4s 
can be 


cascaded on the same input bit stream as shown in Figure 6. 
This arrangement 
allows 
all DACs 
in the system 
to be 


updated simultaneously 
and requires a minimum number of 
control signal inputs. However, up to 48N CLK cycles may 
be 
required 
to 
update 
any 
given 
DAC, 
where 
N = number of DAC48l4s. 


Parallel 
Bus Connection 


Several DAC48l4s 
can also have their DATA inputs con- 


nected 
in parallel 
as shown in Figure 7. This allows 
any 


DAC in the system to be updated in a maximum 
of 48 CLK 
cycles. 
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DAC4814 
22 
Data In 
CS 
23 


27 
LATCH A 
-:- 


26 
LATCH B 


21 
LATCHC 


20 
lATCH 
D 


19 
- 
Data Out 
18 
ClK 


DAC4814 
22 
Data In 
CS 
23 


27 
LATCH A 
-:- 


26 
LATCH B 


21 
LATCH C 


20 
LATCH D 


19 
Data Out 
18 
ClK 


FIGURE 7. Parallel Bus Connection 
for Multiple DAC 


Packages. 
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Quad 12-Bit Digital-to-Analog Converter 


(a-Bit Port Interface) 


• 
COMPLETE 
QUAD DAC - 
INCLUDES 
INTERNAL 
REFERENCES 
AND 
OUTPUT 
AMPLIFIERS 


• 
GUARANTEED 
SPECIFICATIONS 
OVER TEMPERATURE 


• 
GUARANTEED 
MONOTONIC 
OVER 


TEMPERATURE 


• 
HIGH-SPEED 
8 + 4-BIT PARALLEL 


INTERFACE 


• 
LOW POWER, 
600mW 
(150mW/DAC) 


• 
LOW GAIN DRIFT, 5ppmf'C 


• 
LOW NONLINEARITY: 
±1/2 LSB max 


• 
BIPOLAR 
OUTPUT 


• 
CLEAR/RESET 
TO BIPOLAR 
ZERO 


The DAC4815 
is one in a family of dual and quad 


l2-bit 
digitai-to-analog 
converters 
(DACs). 
Serial, 


8-bit, l2-bit interfaces 
are available. 


The DAC4815 
is complete. 
It contains CMOS logic, 


switches, 
a high-performance 
buried-zener 
reference, 


and low-noise 
bipolar output amplifiers. 
No external 


components 
are required 
for bipolar 
±IOV 
output 


range. 


The DAC4815 
has a 2-byte (8 + 4) double-buffered 


interface. 
Data is first loaded (level transferred) 
into 


the input registers 
in two steps for each DAC. Then 
both DACs are updated simultaneously. 
The DAC has 


an asynchronous 
clear control for reset to bipolar zero. 


This feature 
is useful for power-on 
reset or system 
calibration. 
The DAC4815 
is packaged 
in a 28-pin 
plastic 
DIP rated for the --40°C to +85°C extended 
industrial 
temperature 
range. 


High-stability 
laser-trimmed 
thin film resistors assure 
high reliability and true l2-bit integral and differential 
linearity over the full specified 
temperature 
range. 
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SPECIFICATIONS, 
Guaranteed 
over TA = -40°C 
to +85°C unless otherwise 
specified. 


ELECTRICAL 


DAC4815AP 
DAC4815BP 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
Resolution 
12 
Bits 


V,H (Input High Voltage) 
2 
5 
. "- 
V 


V" (Input Low Vonage) 
0 
0.8 
. ~ 
V 
I'N ( Input Current) 
T. = 25°C 
±1 
~A 
TA 
•• -40°C 
to +85°C 
±10 
~A 


C'N (Input Capacitance) 
0.8 
pF 


ACCURACY 
Integral, Relative Linearity!l) 
±1 
±1/2 
LSB 
Differential 
Nonlinearity(2) 
T. _ 25°C 
±1 
LSB 
T•• 
-40°C 
to +85°C 
±1.5I-1 
±1 
LSB 
Bipolar Zero Error 
±20 
±10 
mV 
Gain Error 
With Internal or External 10.0V Ref 
±O.2 
±O.15 
% 


Power Supply Sensitivity(3j 
Vs' 
±11.4V to ±18V 
30 
ppmFSRN 


V, = +4.5V to +5.5V 


TEMPERATURE 
DRIFT 


Gain Drift 
±5 
±30 
±20 
ppm/oC 
Bipolar Zero Drift 
. 
±5 
±15 
±8 
ppmFSR/"C 


REFERENCE 
OUTPUT 


Output Voltage 
+9.980 
+10 
+10.020 
+9.985 
+10.015 
V 
Reference 
Drift 
±2 
±30 
±20 
ppm/oC 


Output Current 
T•• 
25°C 
+10/-5 
mA 
T. = -40°C 
to +85°C 
+51-5 
mA 
Max Load Capacnance 
(For Stability) 
SOO 
pF 
Short Circuit Current 
±20 
mA 
Load Regulation 
40 
ppm/mA 


(6 Voor vs 6 I'OAD) 
Supply Regulation 
±5 
ppmN 
(6 Voor vs 6 Vs) 


-REFERENCE 
OUTPUT, 
Inverter 
-10V 
Reference 
-10.020 
-10 
-9.980 
-10.015 
-9.985 
V 
-10V Reference 
Drift 
±30 
±20 
ppml"C 


DC Output Impedance 
0.1 
n 


Output Current 
±7 
mA 
Max Load Capacitance 
(For Stability) 
200 
pF 
Short Circuit Current 
, 
30 
mA 


REFERENCE 
INPUT 
Reference 
Input Resistance 
1.75 
2.5 
kn 


Inverter Input Resistance 
7 
10 
k!l 


SPO Input Resistance 
3.5 
5 
k!l 


Reference 
Input Range 
±10 
V 


ANALOG 
SIGNAL 
OUTPUTS 


Voltage Range 
--Vs+1,4 
+Vs-1.4 
V 
DC Output Impedance 
0.1 
n 
Output Current 
±5 
mA 
Max Load Capacitance 
(For Stability) 
VOUT 
500 
pF 
Short Circuit Current 
±30 
mA 


DYNAMIC 
PERFORMANCEI') 
C,.l00pF 
Settling Time 
To 1/2 LSB of Full Scale 
3.5 
10 
~s 
Slew Rate 
10 
V/~s 
Small-Signal 
Bandwidth 
3 
MHz 


ANALOG 
GROUND CURRENT 


(Code Dependent) 
±4 
mA 


DIGITAL CROSSTALK 
Full Scale Transition 
3 
. 
nV-s 
C,~ 100pF 


DIGITAL· TO-ANALOG 
GLITCH IMPULSE 
30 
nV-s 


POWER SUPPLY 
+Vs and -Vs 
±11.4 
±15 
±18 
V 


+V, 
4.5 
5 
5.5 
V 


+Is 
+20 
+24 
mA 


-Is 
-20 
-25.5 
mA 


+1, 
Digital Inputs :: OV or +VL 
0.4 
2 
mA 


+1, 
Digital Inputs :: V1L or V1H 
10 
mA 
Total Power 
All DACs 
600 
753 
mW 
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SPECIFICATIONS 
(CONT), 
Guaranteed 
over TA = -40°C 
to +85°C unless otherwise 
specified. 


ELECTRICAL 


DAC4815AP 
DAC4815BP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specified 
-40 
+85 
·C 
Operating 
-40 
+85 
·C 


Thermal 
Resistance, 
8JA 
75 
·CIW 


DESCRIPTOR 


Voor B 
Voor A 


-VREFOut 
VREF In 


+VREF 
Out 
BPO 
-Vs 
+Vs 
AGNO 
DGND 
+VL 
Voor 0 


V"'JTC 
CLA 


Your B 


Your A 


-VREF 
Out 


VREF 
In 


+VREF Out 


AGNO 


OGNO 


FUNCTION 


Analog output voltage, OAC B 
Analog output voltage, OAC A 
Negative 
reference 
voltage 
output (-10V 
output) 
± Reference 
voltage 
input 
Positive 
reference 
voltage 
output (+1OV output) 


Bipolar offset input, OAC A, B, C, and 0 
Negative 
analog power supply, -15V 
input 


Positive 
analog 
power supply, 
+15V 
input 
Analog 
common 


Digital common 


Positive 
logic power 
supply, 
+SV input 
Analog output voltage, OAC 0 
Analog output voltage, OAC C 


Asynchronous 
input reset to zero 


L1NEAAITY 
ERAOR 
MODEL 
(LSB) 


OAC4815AP 
±1 


OAC4815BP 
±1/2 


DESCRIPTOR 


A, 
A, 


Ao 
0, 
0, 
05 
0, 
0, 
0, 
0, 


Do 
CE 
CS 
WA 


Address 
line 2 input 
Address 
line 1 input 


Address 
line 0 input 


Data bit 7 input 


Data bit 6 input 
Data bit 5 input 
Data bit 4 input 
Data bit 3 input 


Data bit 2 input 
Data bit 1 input 


Data bit 0 input 
Latch data enable, OAC A, B, C, and 0 
Chip select enable, OAC A, B, C, and 0 
Write input, OAC A, B, C, and 0 


+VL to AGNO 
OV, +7V 


~~OO~ 
_..~~ 


+Vs to AGNO 
OV, +18V 


-Vs to AGNO 
aV,-18V 


AGNO to OGNO . 
. 
±0.3V 


Any digital input to GNO 
-Q.3V, +VL +0.3V 


Aef In to AGNO . 
. 
±25V 


Aef In to OGNO 
±25V 
Storage 
Temperature 
Range. 
. 
-55°C 
to +125°C 


Operating 
Temperature 
Range 
-40°C 
to +85°C 


Lead Temperature 
(soldering. 
10s).. 
. 
. 
+300°C 


Junction Temperature 
+155°C 


Output Short Circuit 
Continuous 
to common 
or ±Vs 


Reference 
Short Circuit 
Continuous 
to common 
or +Vs 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled 
and 
stored 
using 
appropriate 
ESD 
protection 
methods. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


OAC4815AP 
28-Pin 
Plastic 01P 
215 
DAC4815BP 
28-Pln 
Plastic DIP 
215 


BURR~BROWNiII 
1E3E31 Burr-Brown Ie Data Book-Mixed 
Signal Products 


PSRR vs FREQUENCY 
(Bipolar Mode) 
80 
:--:-,. 


70 


60 
, 


1il 50 
:;0 
a:: 
40 
a:: 
(/) 
Vour·OV 
Q. 
30 
/ 
20 


- 
Vour = +10V '::::: 
10 
+- 


0 
TIIIIII 


1k 
10k 
lOOk 
1M 


Frequency (Hz) 


- 


- 
- 


Vour=+10V 


FFFHEX 
/ 
- 
~ 


::;:;;P' 
7'" 
Vour = OV 


=1;;; 
== 
!:::± - 


800HEX 
- 
10k 


Frequency (Hz) 


'> 1.5E+00 
.s 
g 
1.0E+00 


w 
e 
~ 
5.0E+00 
~i 
O.OE+OO 
is 
li;-5.0E-Q1 
8- 


~-1.0E+00 


+1, (All Logic Inputs = 2V) 
- ~ 
"'" 


~ 
"'" 
"'- 


+1, (All Logic Inputs. 
OV or V,) 


7 


6 


>. 
5 
C.g. 


(/) 
4 
.2 
8' 
...J 


3 
<".s 


2 .. 


0 


>. 
l ~21.2 
5.0E-Q3 
g (/) 


w 
g 20.9 


O.OE+OO 
.~ 
~ 


~ 
~ 
20.6 


-5.0E-Q3 
~ 
20.3 


+i 


III III 
I 


Vs• 
±15V 
10V REF 


V,=5V 


// 


~ - 
Time (500nsldiv) 


NOTE: 
Crosstalk 
is dominated 
by digital crosstalkJ 


feedthrough 
of CE signal. 
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,;- 
~ 
OV 


!!1 
§ 
> 


+SV 


OV 


> 
~ 
E~ 
>o 
'+§ +10V 
~ 
« 
+SV 


~ 
OV 


SETILINGTIME 
BIPOLAR (+10V to -10V 
Step) 
MAJOR CARRY GLITCH 


~ 
~ 
> 
& -10V 
Vom 
~ 
OV 
Voo< 
> 
E 
0 
0 
,- 
~ 


§ 
t; 
0 
~ +SV 
IT 
> 
+SV 
IT 
«> 
<l 
OV 
OV 
OV 


Time (2~sldiv) 
Time (1~s/div) 


NOTE: Data transition 800HEX to 7FF HEX. 


> 
~§. 
ov 


J 


Time (SOOnsidiv) 


DAC output noise due to activity on digital inputs 
with latch disabled. 
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BURR· BROWN. 
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,E3E3, 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TIMING CHARACTERISTICS 


PARAMETER 
MINIMUM 


t1-Address 
Valid to Write Setup TIme 
20ns 


t,-Address 
Valid to Write Hold Time 
10ns 


Ir-Data 
Setup Time 
30ns 


4-Oata 
Hold Time 
10ns 
ts-Chip 
Select to CE or Write 
Ons 
Setup Time 
t;--Chip 
Select to CE or Write 
Ons 
Hold TIme 
t,-Write 
Pulse Width 
40n5 
t;--Clear 
Pulse Width 
40ns 


-1,- 
-12- 


A,,-A, EmC~------~c::;a~~ 


-13-1 •.- 
5V 


-t,- 
-t,- 
OV 


cs~~~ 
-17- 
LE, WR 
'---.! 
~~ 
---------~5V 
CLR 
OV 


NOTES: (t) All input signal rise and fall times are measured 


from 10% to 90% of +SV. tR 
"" IF"" 5ns. 


(2) Timing measurement 
reference level is V1H + V'l 
. 
--2- 


INTERFACE 
LOGIC TRUTH TABLE 


ClR 
LE 
cs 
WR 
,.. 
A, 
Ao 
FUNCTION 


1 
0 
0 
0 
0 
0 
DAC A lS input register loaded with D7-DO(LSB) 


1 
0 
0 
0 
0 
1 
DAC A MS input register loaded with D3(MSB)-DO 
1 
0 
0 
0 
1 
0 
DAC B LS input register loaded with D7-DO(LSBI 


1 
0 
0 
0 
1 
1 
DAC B MS Input register loaded with D3(MSB)-DO 
1 
0 
0 
1 
0 
0 
DAC C LS Input register loaded with D7-DO(LSB) 


1 
0 
0 
1 
0 
1 
DAC C MS input register loaded with D3(MSB)-DO 
1 
0 
0 
1 
1 
0 
DAC D LS input register loaded with D7-DO(LSB) 


1 
0 
0 
1 
1 
1 
DAC D MS input register loaded with D3(MSB)-DO 
0 
0 
1 
X 
X 
X 
All OAe registers updated simultaneously 
from input registers 


0 
0 
0 
X 
X 
X 
All DAC registers are transparent 
X 
1 
X 
X 
X 
X 
No data transfer 
1 
X 
1 
X 
X 
X 
No data transfer 
X 
X 
X 
X 
X 
X 
Input registers cleared :: OOOHEX'DAC registers"" 
800tiex 


NOTE: X • Don't care. 


DISCUSSION OF 
SPECIFICATIONS 


INPUT CODES 


All digital inputs of the DAC4815 
are TTL and 5Y CMOS 
compatible. 
Input codes for the DAC4815 are BOB (Bipolar 
Offset Binary). 
See Figure 3 for ±IOY bipolar connection. 


DIGITAL 
INPUT 
BIPOLAR 
(BOB) 


FFFHEX 
+Full Scale 
800HEX 
Zero 
7FFHEX 
Zero-l 
LSB 


OOOHEX 
-Full Scale 


This term, also know as end point linearity, 
describes 
the 
transfer 
function 
of analog 
output 
to digital 
input code. 


Integral linearity error is the deviation 
of the analog output 
versus 
code transfer 
function 
from a straight 
line drawn 
through the end points. 


Differential 
nonlinearity 
is the deviation 
from an ideal 
I 
LSB change 
in the output 
voltage 
when 
the input code 
changes by I LSB. A differential 
nonlinearity 
specification 


of ±I LSB maximum 
guarantees 
monotonicity. 


BIPOLAR 
ZERO 
ERROR 


The output voltage for code 800HEX' 


The deviation 
of the output 
voltage 
span (Y MAX 
- 
YMIN) 


from the ideal span of 20Y - I LSB (bipolar mode). The gain 
error is specified with and without the internal +IOY refer- 
ence error included. 


OUTPUT 
SETTLING 
TIME 


The time required 
for the output voltage to settle within a 


percentage-of-full-scale 
error band for a full scale transition. 


Settling to ±O.012% (1/2 LSB) is specified for the DAC48I5. 
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response to an input code change. In reality, glitches occur 
during the transition. 
See Typical Performance 
Curves. 


Digital crosstalk is the glitch impulse measured at the output 
of one DAC 
due to a full scale transition 
on the other 
DAC-see 
Typical Performance 
Curves. It is dominated 
by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified 
in nV-so See table of electrical 
specifications. 


Digital 
feedthrough 
is the noise at a DAC output 
due to 
activity 
on the digital 
inputs-see 
Typical 
Performance 
Curves. 


OPERATION 


Depending 
on the address 
selected, 
the 4 MSBs or the 8 
LSBs are written into the appropriate 
input register for each 
DAC when the WR signal is brought 
low. The data are 
latched in the input register when the WR goes high. Data 
are then transferred from the input registers to the DAC latch 
registers 
by bringing 
LE low. The data are latched 
in the 
DAC 
latch registers 
when LE goes high. 
All DACs 
are 
updated simultaneously. 


When CLR is brought low, the input registers are cleared to 
OOOHEXwhile the DAC registers = 800HEX'If LE is brought 
low after CLR the DACs are updated with OOOHEXresulting 
in -lOV 
(bipolar) or OV (unipolar) 
on the output. 


CIRCUIT 
DESCRIPTION 


Each of the four DACs in the DAC48IS 
consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener 
+ 10.OV reference 
and a -lOV 
reference 
are shared by all DACs. 


Figure 
I is a simplified 
circuit for a DAC cell. An R, 2R 
ladder network 
is driven 
by a voltage 
reference 
at VREF' 


Current from the ladder is switched either to loUT or AGND 
by 12 single-pole 
double-throw 
CMOS switches. This main- 
tains constant current in each leg of the ladder regardless of 
digital input code. This makes the resistance 
at VREFcon- 
stant (it can be driven by either a voltage or current refer- 
ence). 
The 
reference 
can be either 
positive 
or negative 
polarity with a range of up to ±lOV. 


CMOS switches included in series with the ladder terminat- 
ing resistor and the feedback 
resistor, RFB, compensate 
for 
the temperature 
drift of the ladder switch ON resistance. 


The output op amps are connected as transimpedance 
ampli- 
fiers to convert the DAC-cell 
output current into an output 
voltage. 
They have been specially 
designed 
and compen- 
sated for precision 
and fast settling in this application. 


POWER 
SUPPLY 
CONNECTIONS 


The DAC481S 
is specified 
for operation 
with power sup- 
plies ofVL = +SV and Vs = either ±12V or±ISV. 
Even with 
the Vs supplies at ±11.4V the DACs can swing a full ±lOV. 
Power supply decoupling 
capacitors 
(IIJF tantalum) 
should 
be located close to the DAC power supply connections. 


Separate 
digital 
and analog 
ground 
pins are provided 
to 
permit separate current returns. They should be connected 
together 
at one point. 
Proper 
layout 
of the two current 
returns 
will prevent 
digital 
logic switching 
currents 
from 
degrading 
the analog 
output 
signal. 
The 
analog 
ground 
current 
is code dependent 
so the impedance 
to the system 
reference 
ground 
must 
be kept 
to a minimum. 
Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than o.ln for less than O.ILSB error. 


±10V OUTPUT 
RANGE 
CONNECTION 


For a ±lOV bipolar output connect the DAC481S as shown 
in Figure 3. 


CONNECTION 
TO DIGITAL 
BUS 


DAC481Ss 
can easily be connected 
to a ~rocessor 
bus. 


Decode 
your 
address 
lines to derive 
the control 
signals 
shown in Figure 4. Only one LATCH signal is required for 
a system where all DAC481Ss 
are updated simultaneously. 


If your want to update DAC481Ss 
independently, 
use sepa- 
rate LATCH signals. The LATCH and WRITE signals can 
be brought low simultaneously 
to update the DAC registers 
with the same processor instruction that writes the fmal 8-bit 
data word the DAC input registers. 
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DAC4815 


18-25 
CS ~ 
Data In 
, 


15 WR 
- 


17 LE 


26 Ao 


27 A, 


28 Ao 


DAC4815 
18-25 
CS ~ 
Data In 


15 WR 


17 - 
LE 


26 Ao 


27 A, 


28 Ao 


WRITE 1 


LATCH 


FIGURE 4. Logic Connections 
for Multiple DAC4815 


Packages. 


The information 
provided herein is believed 
to be reliable; however, 
BURR-BROW\J 
assumes 
no responsibility 
for inaccuracies 
oromissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of thIs information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR·BROWN 
product for use in life support devices 
and/or 
systems. 
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CMOS Dual a-Bit Buffered 
Multiplying 


DIGITAL- TO-ANALOG 
CONVERTER 


• 
DOUBLE 
BUFFERED 
DATA LATCHES 


• 
SINGLE 
5V SUPPLY 
OPERATION 


• 
±1/2 LSB LINEARITY 


• 
FOUR-QUADRANT 
MULTIPLICATION 


• 
DACs MATCHED 
TO 1% 


The DAC7528 contains two, 8-bit multiplying digital- 
to-analog converters (DACs). Separate on-chip latches 
hold 
the 
input 
data 
for each 
DAC 
to allow 
easy 


interface to microprocessors. 


Each DAC operates independently 
with separate refer- 
ence input pins and internal feedback resistors. Excel- 
lent converter-to-converter 
matching 
is maintained. 


The 
DAC7528 
operates 
from 
a single 
+5V power 
supply. 
The 
inputs 
are 
TTL-compatible. 
Package 


options include 20-pin plastic DIP and SOle. 
• 
DIGITALLY 
CONTROLLED 
FILTERS 


• 
DISK DRIVES 


• 
AUTO CALIBRATION 


• 
MOTOR CONTROL 
SYSTEMS 


• 
PROGRAMMABLE 
GAIN/ATTENUATION 


• 
X-Y GRAPHICS 


Voo 17 


Data 
DBO LSB 
14 


Inputs 
Input 


DB? (MSB) 
? 
Buffer 


3 
RFB 
A 


2 
OUT A 


DACA 


1 
AGND 


DAC?528 


19 RFB8 


20 OUT B 


DAC B 


DACAl 
DAC B 
6 


CS 15 
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DAC7528P, 
U 
DAC7528PB, 
UB 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DC ACCURACY 
(') 


Resolution 
N 
8 
8 
Bits 
Relative Accuracy 
INL 
±1 
±112 
LSB 


Differential 
Nonlinearity 
DNL 
Guaranteed 
Monolithic Over Tamp 
±1 
±112 
LSB 


FS Gain Error (2) 
T.; 
+25°C 
±2 
±1 
LSB 
TA= TMIN to TMAX 
±4 
±2 
LSB 


Gain Tampeo 
(2)(3) 
±2 
±35 
- 
- 
ppmrC 
Supply Rejection 
PSR 
8VOD = ±5%, 
TA:;;: +25°C 
0.001 
0.Q1 
- 
- 
%FSR/% 


TA= 
T,.,IN to TMAX 
0.001 
0.Q1 
- 
- 
%FSR/% 
Output Leakage Current (OUTA) 
DACA : 0016, T. ; +25°C 
±SO 
- 
nA 


TA= TM1Nto TMA)( 
±200 
- 
nA 
Output Leakage Current (OUTB) 
DACB : 00,., T. : +25°C 
±SO 
- 
nA 


TA = TM1Nto TMAX 
±200 
- 
nA 


REFERENCE 
INPUT 
Input Resistance 
(VAEF., 
VAEF.) 
8 
10 
15 
- 
- 
- 
kn 


Input Resistance 
Match 
(VAEF., 
VAEF.) 
±1 
- 
% 


DYNAMIC 
PERFORMANCE 
(4) 


Output Current Settling Time to 1/2 LSB 
Enable Pins Low TA = +25°C 
180 
- 
ns 


Load; 
1000l13pF, 
T.: 
TM1Nto TMA)( 
200 
- 
ns 
Digital-la-Analog 
Propagation 
Delay 
Enable Pins Low TA= +25°C 
80 
- 
ns 
to 90% of Output 
Load; 
1000l13pF, 
T.: 
TM1Nto TMA)( 
100 
- 
ns 


Digital-ta-Analog 
Impulse 
125 
- 
nVs 
AC Feedthrough 
VREFA = 20Vpp Sinewave, 
TA = +25°C 
-70 
dB 


(VAEF• 
to OUTA) 
100kHz,VREFB = OV, TA = TMIN to TMAX 
-{)5 
dB 


AC Feedthrough 


I 


VREFA = 20Vpp Sinewave, 
TA = +25°C 
-70 
dB 


(VAEF• 
to OUTB) 
100kHz, VAEF.: 
OV, T.= 
TM1Nto TMA> 
-{)5 
dB 


Channel-la-Channel 
Isolation 
VREFA= 20Vpp Sinewave, 
100kHz, 
-90 
- 
dB 


(VAEF• 
to OUTB) 
VAEF• 
; 
OV, Both DACs : FF,. 
Channel-to-Channel 
Isolation 
VREFB::::20Vpp Sinewave 
100kHz, 
-90 
I 
- 
dB 


(VAEF• 
to OUTA) 
VAEF.: 
OV, Both DACs: 
FF,. 
Digital Crosstalk 
Measured With Code Transition 
0016 to FF16 
30 
- 
nVs 


Harmonic 
Distortion 
THO 
V1N= 6Vrms at 1kHz 
-{)5 
- 
dB 


ANALOG 
OUTPUTS 
(4) 
QUTA capacitance 
COUTA 
DAC: 
00,. 
50 
- 
pF 
DAC: 
FF,. 
120 
- 
pF 


OUTS capacitance 
COUTB 
DAC: 
00,. 
SO 
- 
pF 
DAC; 
FF,. 
120 
- 
pF 


DIGITAL 
INPUTS 
Input High Voltage 
V,H 
2.4 
- 
V 
Input Low Voltage 
VOl 
0.8 
- 
V 


Input Current 
I'N 
TA = +25°C 
±1 
- 
IJA 


TA= TM1Nto TMAX 
±10 
- 
~A 
Input Capacitance 
(4) 
C,N 
All Digital Inputs 
10 
- 
pF 


POWER REQUIREMENTS 
Supply Current 
100 
Digital Inputs = V1H or V1l, T" = +25°C 
1 
- 
mA 


T,,= TM1Nto TMA,X 
1 
- 
mA 


Digital Inputs = OV or VOD' T" = +25°C 
100 
- 
~A 


T,,= TM1Nto Tw.x 
500 
- 
~A 


SWITCHING 
CHARACTERISTICS 
(100% tested) See Timing Diagram 


Chip Select To Write Setup Time 
!CS 
T.: 
+25°C 
200 
- 
ns 


TA= TM1Nto TMAX 
230 
- 
ns 
Chip Select To Write Hold Time 
tCH 
T.: 
+25°C 
20 
- 
ns 


T" = TM1Nto T~.wc 
30 
- 
ns 
DAC Select To Write Setup Time 
tAS 
T.: 
+25°C 
200 
- 
ns 


TA = TM1Nto TMAX 
230 
- 
ns 


DAC Select To Write Hold Time 
t.H 
TA= +25°C 
20 
- 
ns 


TA= TM1Nto TtilAX 
30 
- 
ns 


Write Pulse Width 
tWA 
TA= +25°C 
180 
- 
ns 


TA= TMIN to TMAX 
200 
- 
ns 


Data Setup Time 
tos 
TA= +25°C 
110 
- 
ns 


T,,= TM1Nto TMAX 
130 
- 
ns 


Data Hold Time 
tOH 
TA = +25°C 
0 
- 
ns 
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PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI" 


DAC7528P 
20-Pin Plastic DIP 
222 
DAC7528PB 
20-Pin Plastic DIP 
222 


DAC7528U 
20-Pin SalC 
221 
DAC7528UB 
20-Pin SalC 
221 


MODEL 
INl 
PACKAGE 
TEMPERATURE 
RANGE 


DAC7528P 
±1lSB 
20-Pin Plastic DIP 
-40°C 
to +85°C 


DAC7528PB 
±1I2lSB 
20-Pin Plastic DIP 
-40°C 
to +85°C 
DAC7528U 
±1lSB 
20-Pin SalC 
-4Q°C to +85°C 
DAC7528UB 
±1I2lSB 
20-Pin SalC 
-40°C 
to +85°C 
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PAD 
FUNCTION 
PAD 
FUNCTION 
PAD 
FUNCTION 


1 
VOD 
8 
RFllA 
15 
DB4 


2 
VREF B 
9 
VREF 
B 
16 
DB3 


3 
RFB 
B 
10 
DGND 
17 
DB2 


4 
aUTB 
11 
OACNOAC8 
18 
DB1 


5 
AGNDB 
12 
DB7 
19 
DBO 


6 
AGNDA 
13 
DB6 
20 
cs 


7 
aUlA 
14 
DB5 
21 
WR 


MILS (0.001 ") 
MilliMETERS 


Die Size 
104 x 124 
2.6 x 3.1 


Die Thickness 
20 ±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.l0 
ena:wI-a: 
W 


PIN CONFIGURATION 
> 


Top View 
DIPISOIC 
Z0 


AGND 
20 
aUTB 
0 
19 
e"0 
...J 
c:r: 


DGND 
Z 
DAC7528 
c:r: 
DAC A1DAC B 
I 


(MSB) DB7 
~ 
DB6 
I...J 


DB5 
12 
DB2 
t! 
DB4 
10 
11 
DB3 


e" 
C 


Voo to GND . 
. 
OV, +7V 


VREFA 
B to GNO . 
. _ 
±25V 


R'A Bto GND . 
. 
±25V 
Digj'tallnput 
Voltage Range.. 
-o.3V 
to Voa 
Output Voltage (pins 2, 20) . 
--o.3V to Voo 
Operating Temperature 
Range U,P . 
. 
-40°C 
to +B5°C 


DICE.. 
. 
O°C to +70°C 
Junction Temperature.. 
. 
+150°C 


Storage Temperature.. 
. 
--60°C to +150°C 


Lead Temperature 
(soldering, 
10s) . 
. 
+300°C 
0JA U package .. 
. 
105°CIW 


P package.. 
. 
85°CIW 


OJC 
U package. 
. 
60°CIW 
P package.. 
. 
35°CIW 


NOTES: 
8JA is specified 
for worst 
case 
mounting 
conditions, 
i.e., 9JA 
is 


specified for device in socket for POIP package. 
CAUTION: 
(1) Do not apply 
vo~ages 
higher 
than Voo or less than 
GND 
potential 
on any terminal 
except VREFA,B (pins 4 and 18) and RFBA,B(pins 
3 and 19). (2) The digital 
control 
inputs 
are zener~protected: 
however, 


permanent 
damage may occur on unprotected 
units from hlgh~nergy 
electrostatic 
fields. Keep units in conductive 
foam at all times until ready 


to use. 
(3) Use proper 
antistatic 
handling 
procedures. 
(4) Absolute 
Maximum 
Ratings apply to both packaged devices and DICE. Stresses 
above those listed under Absolute 
Maximum Ratings may cause perma· 


nent damage to the device. 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 


parametric 
changes 
could 
cause 
the device 
not to meet 


published 
specifications. 


-tes-l-lcH- 
voo 


---0 


--- tAs---I- 
tAH- 
voo 


---0 


NOTE: All input signal rise and fall times are measured from 10% to 90% 
of Voo. Voo = +5V. ~ = " 
= 20ns; Voo = +15V, t, = " 
= 40ns. Timing 


measurement 
reference 
Jevel is (V1H + V1d/2. 


DAC AlDAC 
B 
CS 
WR 
DACA 
DAC B 


L 
L 
L 
WRITE 
HOLD 
H 
L 
L 
HOLD 
WRITE 


X 
H 
X 
HOLD 
HOLD 


X 
X 
H 
HOLD 
HOLD 


Digital Inputs: All digital inputs of the DAC7528 
incorpo- 
rate on-chip 
ESD protection 
circuitry. 
This protection 
is 


designed 
and has been 
tested 
to withstand 
five 
2500V 


positive and negative discharges (loopF in series with 1500(1) 
applied to each digital input. 


Analog 
Pins: 
Each 
analog 
pin has been 
tested 
to Burr- 


Brown's analog ESD test consisting 
of five IOOOVpositive 


and negative discharges 
(loopF 
in series with 1500(1) ap- 
plied to each pin. RFB A' VREF A' RFB B' and VREF B show 
some sensitivity. 


7.0 


6.0 


5.0 


<' 
4.0 
.s 


_8 
3.0 


2.0 


1.0 


2.0 


V'N(V) 


I 
-- 


, 
I 
I 
1 
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20 
40 


Temperature (0C) 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


DISCUSSION OF 
CIRCUIT DESCRIPTION 
SPECIFICATIONS 


RELATIVE 
ACCURACY 


This term, also known 
as end point linearity 
or integral 
linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 


DIFFERENTIAL 
NONLINEARITY 


Differential 
nonlinearity 
is the deviation from an ideallLSB 
change in the output when the input code changes by lLSB. 
A differential 
nonlinearity 
specification 
of ILSB maximum 
guarantees 
monotonicity. 


GAIN ERROR 


Gain error is the difference 
between 
the full-scale 
DAC 
output and the ideal value. The ideal full scale output value 
for the DAC7528 
is -{255/256)VREF• 
Gain error may be 
adjusted to zero using external trims as shown in Figure 4. 


OUTPUT 
LEAKAGE 
CURRENT 


The current 
which appears 
at loUT 
A and 
lOUT 
B with the 


DAC loaded with all zeros. 


OUTPUT 
CAPACITANCE 


The parasitic capacitance 
measured from lOUT A or loUT 
B to 
AGND. 


The AC output error due to capacitive 
coupling from DAC 
A to DAC B or DAC B to DAC A. 


The AC output error due to capacitive 
coupling from VREF 
to lOUT with the DAC loaded with all zeros. 


The time required for the output current to settle to within 


±O.195% of final value for a full scale step. 


The integrated area of the glitch pulse measured in nanovolt- 
seconds. 
The key contributor 
to digital-to-analog 
glitch is 


charge injected by digital logic switching 
transients. 


DIGITAL 
CROSSTALK 


Glitch 
impulse 
measured 
at the output 
of one DAC but 
caused 
by a full scale transition 
on the other DAe. 
The 
integrated 
area of the glitch pulse is measured 
in nanovolt- 


seconds. 


Figure 
I shows 
a simplified 
schematic 
of one half of a 


DAC7528. 
The current 
from the VREF 
A pin is switched 


between 
lOUT 
A and AGND by 8 single-pole 
double-throw 


CMOS switches. This maintains 
a constant current in each 
leg of the ladder regardless 
of the input code. The input 


resistance 
at VREF A is therefore constant and can be driven 


by either 
a voltage 
or current, 
AC 
or DC, 
positive 
or 


negative polarity, and have a voltage range up to ±20V. 


A CMOS switch transistor, included in series with the ladder 
terminating 
resistor and in series with the feedback resistor, 


RFB A' compensates 
for the temperature 
drift of the ON 


resistance 
of the ladder switches. 


Figure 2 shows an equivalent circuit for DAC A. COUT is the 
output capacitance 
due to the N-channel 
switches and varies 


from about 30pF to 70pF with digital input code. The current 
source 
ILKG 
is the combination 
of surface 
and junction 


leakages to the substrate. ILKG approximately 
doubles every 


lO°e. Ro is the equivalent 
output resistance 
of the D/A and 


it varies with input code. 


ESD PROTECTION 


All digital inputs of the DAC7528 
incorporate 
on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, 
lOOpF and l500Q). 


However, industry standard ESD protection methods should 
be used when handling or storing these components. 
When 


not in use, devices should be stored in conductive 
foam or 


rails. The foam or rails should be discharged 
to the destina- 
tion socket potential before devices are removed. 
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Ine Uf\L/:lL/S 
ISoeslgne<1to operate on VDD = +5V ±1O%. 


For optimum performance 
and noise rejection, power supply 
decoupling 
capacitors 
CD should be added as shown in the 
application 
circuits. These capacitors 
(1J.lFtantalum recom- 
mended) 
should be located close to the D/A. AGND 
and 
DGND should be connected together at one point only, pre- 
ferably at the power supply ground point. Separate returns 
minimize 
current flow in low-level 
signal paths if properly 


connected. 
Output op amp analog common (+ input) should 
be connected 
as near to the AGND pin of the DAC7528 
as 
possible. 


To minimize 
AC feedthrough 
when designing 
a PC board, 


care should be taken to minimize 
capacitive 
coupling 
be- 


tween the VREFlines and the IoIITlines. Similarly, capacitive 
coupling 
between 
DACs may compromise 
the channel-to- 


channel isolation. Coupling from any of the digital control or 
data lines might 
degrade 
the glitch 
and digital 
crosstalk 
performance. 
Solder 
the DAC7528 
directly 
into the PC 
board without 
a socket. Sockets 
add parasitic 
capacitance 


(which can degrade AC performance). 


AMPLIFIER 
OFFSET 
VOLTAGE 


The output amplifier used with the DAC7528 
should have 
low input offset voltage 
to preserve 
the transfer 
function 
linearity. 
The voltage output of the amplifier 
has an error 


component 
which is the offset voltage of the op amp multi- 
plied by the "noise gain" of the circuit. This "noise gain" is 
equal to (RF/Ro + I) where Ro is the output impedance 
of 
the 
]),I A IOIIT terminal 
and RF is the feedback 
network 


impedance. 
The nonlinearity 
occurs due to the output im- 
pedance 
varying with code. If the 0 code case is excluded 


(where 
Ro = infinity), 
the Ro will vary from R to 3R 
providing 
a "noise 
gain" variation 
between 
4/3 and 2. In 


addition, the variation of Ro is nonlinear with code, and the 
largest steps in Ro occur at major code transitions where the 
worst differential 
nonlinearity 
is also likely to be experi- 


enced. 
The 
nonlinearity 
seen at the amplifier 
output 
is 


2VOS 
- 
4Vos/3 
= 2Vos/3. 
Thus, 
to 
maintain 
good 
nonlinearity 
the op amp offset should be much less than 
1/2LSB. 


UNIPOLAR 
CONFIGURATION 


Figure 3 shows DAC7528 
in a typical unipolar (two-quad- 


rant) multiplying 
configuration. 
The analog output values 


versus digital input code are listed in Table I. The opera- 
tional amplifiers used in this circuit can be single amplifiers 
such as the OPA602, or a dual amplifier such as the OPA2107. 
CI and C2 provide phase compensation 
to minimize settling 


time and overshoot 
when using a high speed operational 


amplifier. 


FIGURE 3. Unipolar Configuration 
2 Quadrant Multiplica- 
tion. 


If an application requires the D/A to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistors R2 and R4 
induce a positive 
gain error greater than worst-case 
initial 
negative 
gain error. Trim resistors 
RI 
and R3 provide 
a 


variable negative gain error and have sufficient trim range to 
correct for the worst-case 
initial positive gain error plus the 
error produced 
by R2 and R4. 


BIPOLAR 
CONFIGURATION 


Figure 
5 shows the DAC7528 
in a typical 
bipolar 
(four- 
quadrant) multiplying 
configuration. 
The analog output val- 
ues versus digital input code are listed in Table II. 


The operational 
amplifiers used in this circuit can be single 
amplifiers 
such as the OPA602, a dual amplifier such as the 


OPA2107, 
or a quad amplifier like the OPA404. CI and C2 


provide phase compensation 
to minimize 
settling time and 
overshoot 
when using a high speed operational 
amplifier. 


The bipolar 
offset resistors 
RI-R3 
and R4--R6 should be 


ratio-matched 
to 0.195% to ensure the specified 
gain error 
performance. 
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c 
+ 
o 


l~F I 


DATA 
INPUT 
ANALOG 
OUTPUT 


MSB~ 
~ LSB 
11111111 
-VREF 
(255/256) 


10000000 
-VREF 
(255/256) 
= -1/2VREF 


00000001 
-VREF 
(11256) 
00000000 
OV 


DATA 
INPUT 


MSB ~ 
~ 
LSB 


11111111 
10000001 
10000000 
0111 1111 
00000000 


+VREF 
(127/128) 


+VREF 
(1/128) 


OV 
-VREF 
(1/128) 


-VREF 
(127/128) 
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R. 


Rs 
20kQ 


10kQ 


For Immediate Assistance, Contact Your Local Salesperson 


APPLICATIONS 
CIRCUIT: 
8-BIT PLUS SIGN CAC 


The OACs are loaded with same 8-bit word, 
except that one code is inverted first. 
If sign bit = 1; invert DAC B's data. 
If sign bit = 0; invert DAC A's data. 


The information provided herein is believed to be reliable: however. BURR-BROWN 
assumes no responsibility for inaccuracies or omissions_ BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Low Cost 12-Bit CMOS 
Four-Quadrant 
Multiplying 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
FULL FOUR-QUADRANT 
MULTIPLICATION 


• 
12-BIT END-POINT 
LINEARITY 


• 
DIFFERENTIAL 
LINEARITY 
±1/2LSB 
MAX 


OVER TEMPERATURE 


• 
MONOTONICITY 
GUARANTEED 
OVER 
TEMPERATURE 


• 
TTL-/CMOS-COMPATIBLE 


• 
SINGLE 
+5V TO +15V SUPPLY 


• 
LATCH-UP 
RESISTANT 


• 
75211754117541A 
REPLACEMENT 


• 
PACKAGES: 
Plastic DIP, Plastic SOIC 


• 
LOW COST 


, 
6 


Bit 1 
(MSB) 


The Burr-Brown 
DAC7541A 
is a low cost 
12-bit, 


four-quadrant 
multiplying 
digital-to-analog 
converter. 


Laser-trimmed 
thin-film 
resistors 
on a monolithic 
CMOS circuit provide true 12-bit integral and differ- 
ential 
linearity 
over 
the full 
specified 
temperature 


range. 


DAC7541A 
is a direct, improved pin-for-pin 
replace- 
ment for 7521, 7541, and 7541A 
industry 
standard 


parts. In addition to a standard 18-pin plastic package, 
the DAC7541A 
is also available 
in a surface-mount 


plastic 
18-pin sore. 
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PARAMETER 
GRADE 
T.=+25"C 
fA = TMAX. TMIN(l) 
UNITS 
TEST CONDITIONs/COMMENTS 


ACCURACY 
Resolution 
All 
12 
12 
Bits 
Relative Accuracy 
J 
±1 
±1 
LSB max 
±1 LSB • ±0.024% of FSR. 


K 
±1/2 
±1/2 
LSB max 
±1/2LSB =±0.012% 
of FSR. 


Differential Non-linearity 
J 
±1 
±1 
LSB max 
All grades guaranteed 
monotonic to 12 bits, 


K 
±1/2 
±1/2 
LSB max 
T MIN to TMAX- 


Gain Error 
J 
±6 
±8 
LSB max 
Measured using internal RFB and includes effect 


K 
±1 
±3 
LSB max 
of leakage current and gain T.e. 


Gain error can be trimmed to zero. 


Gain Temperature 
Coefficient 


(.1Gain/6Temperature) 
ALL 
5 
ppm/oC max 
Typical value is 2ppmrC. 


Output Leakage Current: Out, (Pin 1) 
J, K 
±5 
±10 
nA max 
All digital inputs = OV. 


Out2 (Pin 2) 
J, K 
±5 
±10 
nAmax 
All digital inputs::: Voo. 


REFERENCE 
INPUT 


Voltage (Pin 17 to GND) 
All 
-10/+10 
-10/+10 
V minImax 
Input Resistance (Pin 17 to GND) 
All 
7-18 
7-18 
kn minimax 


Typical input resistance ::: 11kn. 
Typical input resistance temperature 
coefficient 
is 


-SOppmf'C. 


DIGITAL 
INPUTS 


V,N (Input HIGH Voltage) 
All 
2.4 
2.4 
Vmin 


VIl (Input LOW Voltage) 
All 
0.8 
0.8 
Vmax 


IIN (Input Current) 
All 
±1 
±1 
~max 
Logic inputs are MOS gates. 
I'Ntyp (25°C) • 1nA 


CIN (Input Capacitance)(2) 
All 
8 
8 
pF max 
V'N = OV 


PDWER SUPPLY 
REJECTION 


.6.GainlAVoo 
All 
±O.01 
±0.02 
%per% 
max 
Voo'"' +11.4V to +16V 


POWER SUPPLY 
Voo Range 
All 
+5to+16 
+5to+16 
V minto 
Accuracy is not guaranteed over this range. 
Vmax 


100 
All 
2 
2 
mAmax 
All digital inputs V1L or V1N• 


All 
100 
500 
~max 
All digital inputs OV or Voo. 


OAC7541A 


PARAMETER 
GRADE 
T. = +2S"C 
TA = TMAX' 
TMIN(1) 
UNITS 
TEST CONDITIONs/COMMENTS 


PROPAGATlDN 
DELAY 


(from Digital Input change to 90% of 
Out, Load = 100n, CEXT: 
13pF. 


final Analog Output) 
All 
100 
- 
ns typ 
Digital Inputs = OV to Voo or Voo to OV. 


DIGITAL-TO-ANALOG 
GLITCH 
VREF = OV, all digital inputs OV to VDDor VDOtD 


IMPULSE 
All 
1000 
- 
nV-s typ 
OV. Measured using OPA606 as output amplifier. 


MULTIPLYING 
FEEDTHROUGH 
ERROR 
(VREF to Out,) 
All 
1.0 
- 
mVp-p max 
VREF = ±10V, 10kHz sine wave. 


OUTPUT CURRENT 
SETTLING 
TIME 
All 
0.6 
- 
~s typ 
To 0.01% of Full Scale Range. 
Out, 
Load: 
100n, CEXT = 13pF. 


All 
1.0 
- 
~max 
Digital Inputs: OV to Voo or Voo to OV. 


OUTPUT CAPACITANCE 
COUT 
1 (Pin 1) 
All 
100 
100 
pF max 
Digital Inputs :::V1H 


COUT 
2 (pin 2) 
All 
60 
60 
pF max 
Digital Inputs = V1H 


COUT 
1 (Pin 1) 
All 
70 
70 
pF max 
Digital Inputs :::V1L 


COUT 
2 (Pin 2) 
All 
100 
100 
pF max 
Digital Inputs := V1L 


BURR - BROWNS 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
,E3E3, 


............................. 
+17V 
.................................. 
+2SV 
.................................. 
±2SV 


.-{J.4V, Voo 
................... -{J.4V,Voo 


Voo (Pin 16) to Ground 
VAEF 
(Pin 17) to Ground 
YAP. (Pin 18) to Ground. 
. 
. 
Digital Input Voltage (pins 4-1S) to Ground 


Vp1N1, VPIN2toGround 
. 


Power Dissipation 
(any package): 


To +75°C _ 
. 


Oarates 
above +75°C 
. 


Lead Temperature 
(soldering, 
10s) 
. 


Storage Temperature: 
Plastic Package 
. 


..... 4S0mW 


..... ~mWrC 


... +300"C 


....... +12S·C 


NOTE: 
Stresses 
above those listed above 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and functional 
operation 
of the 
device 
at these or any other condition above 
those indicated 
in the opera· 


tional sections 
of this specification 
is not implied. 
Exposure 
to absolute 


maximum 
rating conditions for extended 
periods may affect device reliability. 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


The DAC754lA 
is an ESD (electrostatic 
discharge) 
sensi- 
tive device. The digital control inputs have a special PET 
structure, which turns on when the input exceeds the supply 
by 18V, to minimize 
ESD damage. 
However, 
permanent 
damage may occur on unconnected 
devices subject to high 
energy electrostatic 
fields. When not in use, devices must be 


stored in conductive 
foam or shunts. The protective 
foam 


should 
be 
discharged 
to the 
destination 
socket 
before 


devices are removed. 


BURN·IN SCREENING 
Bum-in screening is an option available for the models in the 
Ordering Information 
table. Bum-in duration is 160 hours at 
the indicated temperature 
(or equivalent combination 
of time 


and temperature). 


All units are tested after bum-in to ensure that grade speci- 
fications 
are met. To order bum-in, 
add "-BI" to the base 


model number. 


Top View 
DIP/SOIC 


IOUTl 
• 
18 
RF• 


lOUT 2 


GND 
« 
Bit 1 (MSB) 
.•.. 
DAC7541A 
'III:t 
Bit 2 
Bitl1 
It) 


Bit 3 
Bit 10 
r---0 
Bit 9 
« 


Bit 8 
C 


Bit 6 
10 
Bit 7 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI" 


DAC7541JP 
Plastic DIP 
218 


DAC7541KP 
Plastic DIP 
218 


DAC7541JU 
Plastic SOIC 
219 


DAC7541KU 
Plastic SOIC 
219 


DAC7541JP-BI 
Plastic DIP 
218 


DAC7S41 KP-BI 
Plastic DIP 
218 


TEMPERATURE 
RELATIVE 
MODEL 
PACKAGE 
RANGE 
ACCURACY 
(LSB) 
GAIN ERROR (LSB) 


DAC7541AJP 
Plastic DIP 
O·Cto +70·C 
±1 
±6 
DAC7541AKP 
Plastic DIP 
QOCto +70°C 
±112 
±1 
DAC7541AJU 
Plastic SOIC 
O°Cto 
+70°C 
±1 
±6 
DAC7541AKU 
Plastic SOIC 
O·Cto +70·C 
±112 
±1 


BURN·IN SCREENING 
OPTION 
See text for details. 


TEMPERATURE 
RELATIVE 
BURN-IN TEMP. 


MODEL 
PACKAGE 
RANGE 
ACCURACY 
(LSB) 
(160 Hours)") 


DAC7541AJP-BI 
Plastic DIP 
O·Cto +70·C 
±1 
+8S'C 
DAC7541AKP-BI 
Plastic DIP 
O·Cto +70·C 
±112 
+8S'C 


Tho 
information 
provided 
herein 
i~ believed 
to be 
reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURA-BROWN 


assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change 
without 
notice. 
No patent 
rights or licenses 
to any of the circuits described 
herein 
are implied 
or granted 
to any third party. BURR·BROWN 
does 
not 


authorize 
or warrant 
any BURR-BROWN 
product for use in life support 
devices 
and/or 
systems. 
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CDg 
e 
3/2 
w 
c 
'n; 
<!J 


112 


"- 


~ 


5 
10 


Supply Voltage (V) 


.....-- 


, 


CDg 
ew 
3/4 
·f 
~ 
1/2 
::J 


5 
10 


Supply Voltage (V) 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
IOUTl 
10 
Bit 7 
2 
IOUT2 
11 
Bit8 
3 
GND 
12 
BitS 
4 
Bit 1 (MSB) 
13 
Bit 10 


5 
Bit 2 
14 
Bit 11 
6 
Bit 3 
15 
Bit 12 (lSB) 


7 
Bit 4 
16 
+VOD 


8 
Bit5 
17 
VAEF 


S 
Bit6 
18 
RFEEDBACK 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
104x 
105±5 
2.64 x 2.67 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Metalization 
Aluminum 


10k 


Frequency (Hz) 


~ 
j 
3/4 


>. 


~ 
1/2 
(/) 


5 
10 


Supply Voltage (V) 
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DISCUSSION 
OF SPECIFICATIONS 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 
CIRCUIT DESCRIPTION 


RELATIVE 
ACCURACY 


This term (also known 
as linearity) 
describes 
the transfer 
function of analog output to digital input code. The linearity 
error describes 
the deviation 
from a straight 
line between 


zero and full scale. 


DIFFERENTIAL 
NONLINEARITY 


Differential nonlinearity 
is the deviation from an ideallLSB 
change in the output, from one adjacent output state to the 
next. A differential 
nonlinearity 
specification 
of ± 1.0LSB 


guarantees 
monotonicity. 


GAIN ERROR 
Gain error is the difference 
in measure of full-scale 
output 


versus 
the ideal 
DAC 
output. 
The 
ideal output 
for the 


DAC7541A 
is -(4095/4096) 
X (VREF). 
Gain error may be 


adjusted to zero using external trims. 


OUTPUT 
LEAKAGE 
CURRENT 


The measure of current which appears at Out, with the DAC 
loaded with all zeros, or at Outz with the DAC loaded with 
all ones. 


MULTIPLYING 
FEEDTHROUGH 
ERROR 


This is the AC error output due to capacitive 
feedthrough 


from VREF to Outl with the DAC loaded with all zeros. This 
test is performed 
at 10kHz. 


OUTPUT 
CURRENT 
SETTLING 
TIME 


This is the time required for the output to settle to a tolerance 
of ±O.5LSB of final value from a change in code of all zeros 
to all ones, or all ones to all zeros. 


PROPAGATION 
DELAY 


This is the measure of the delay of the internal circuitry and 
is measured 
as the time from a digital code change to the 
point at which the output reaches 90% of final value. 


DIGITAL-TO-ANALOG 
GLITCH IMPULSE 


This is the measure of the area of the glitch energy measured 
in nV -seconds. Key contributions 
to glitch energy are digital 
word-bit timing differences, 
internal circuitry timing differ- 


ences, and charge injected from digital logic. 


MONOTONICITY 
Monotonicity 
assures that the analog output will increase or 


stay 
the 
same 
for 
increasing 
digital 
input 
codes. 
The 
DAC754lA 
is guaranteed 
monotonic 
to 12 bits. 


POWER SUPPLY 
REJECTION 


Power supply rejection 
is the measure of the sensitivity 
of 
the output 
(full scale) 
to a change 
in the power 
supply 


voltage. 


The 
DAC7541A 
is a 12-bit multiplying 
D/A 
converter 
consisting 
of a highly stable thin-film R-2R ladder network 


and 12 pairs of current 
steering 
switches 
on a monolithic 


chip. Most applications 
require the addition of a voltage or 


current reference 
and an output operational 
amplifier. 


A simplified circuit of the DAC754I A is shown in Figure 1. 
The R-2R inverted ladder binarily divides the input currents 
that are switched between 
loUT 
I and lOUT z bus lines. This 


switching allows a constant current to be maintained 
in each 
ladder leg independent 
of the input code. 


The input resistance 
at VREF (Figure 
I) is always equal to 


RLDR (RLDR is the R/2R ladder characteristic 
resistance 
and 
is equal to value "Rn). Since RIN at the VREF pin is constant, 
the reference terminal can be driven by a reference 
VOltage. 


or a reference 
current, 
AC or DC, of positive 
or negative 


polarity. 


tJ)a:wI-a: 
W>Zoo 
Clo 
..J« 
Z« 
I 


~I..J 


~ 
Cl 
C 


1QkQ 


2Q~2QkQ 


S3" Js~:-'J 
~' d:9 
; 
~:--01._~___10UT2 


: 
f 
lOUT 1 
6 
6 
R,. 


Bit 3 
Bit 12 
(LSB) 


s, 


liY 
, 
6 


Bit 1 
(MSB) 


EQUIVALENT 
CIRCUIT 
ANALYSIS 


Figures 2 and 3 show the equivalent 
circuits for all digital 
inputs low and high, respectively. 
The reference 
current is 


switched to loUT z when all inputs are low and loUT' 
when 
inputs are high. The lL current source is the combination 
of 


surface 
and 
junction 
leakages 
to 
the 
substrate; 
the 


1/4096 current source represents the constant one-bit current 
drain through the ladder terminal. 


DYNAMIC 
PERFORMANCE 
Output 
Impedance 


The output resistance, 
as in the case of the output capaci- 
tance, 
is also modulated 
by the digital 
input code. 
The 


resistance 
looking 
back into the 
lOUT 
, terminal 
may be 


anywhere 
between 
10kQ (the feedback resistor alone when 
all digital inputs are low) and 7.5ill 
(the feedback 
resistor 
in parallel 
with approximately 
30ill 
of the R-2R 
ladder 


network resistance 
when any single bit logic is high). The 


static accuracy and dynamic performance 
will be affected by 


this modulation. 
The gain and phase stability of the output 
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FIGURE 
2. DAC7541A 
Equivalent 
Circuit 
(All 
inputs 
LOW). 


amplifier, 
board layout, and power supply decoupling 
will 


all affect the dynamic performance 
of the DAC7541A. 
The 
use of a compensation 
capacitor may be required when high- 


speed operational 
amplifiers 
are used. It may be connected 
across the amplifier's 
feedback resistor to provide the nec- 
essary phase compensation 
to critically dampen the output. 


See Figures 4 and 6. 


OP AMP CONSIDERATIONS 
The input bias current 
of the op amp flows through 
the 
feedback resistor, creating an error voltage at the output of 
the op amp. This will show up as an offset through all codes 
of the transfer 
characteristics. 
A low bias current 
op amp 
such as the OPA606 
is recommended. 


Low offset voltage 
and Vos drift are also important. 
The 
output impedance 
of the DAC is modulated 
with the digital 


code. This impedance change (approximately 
10kQ to 30kQ) 
is a change in closed-loop 
gain to the op amp. The result is 
that Vos 
will 
be multiplied 
by a factor 
of one to two 
depending 
on the code. This shows up as a linearity error. 


Offset can be adjusted 
out using Figure 4. Gain may be 
adjusted using Figure 5. 


UNIPOLAR 
BINARY 
OPERATION 
(Two-Quadrant 
Multiplication) 


Figure 4 shows the analog circuit connections 
required for 


unipolar binary (two-quadrant multiplication) operation. With 
a DC reference 
voltage 
or current 
(positive 
or negative 
polarity) 
applied 
at pin 17, the circuit 
is a unipolar 
D/A 
converter. 
With an AC reference 
voltage 
or current, 
the 
circuit provides 
two-quadrant 
multiplication 
(digitally con- 
trolled attenuation). 
The input/output 
relationship 
is shown 


in Table I. 


"7 
"7 
"7 


Ie" 1~ 


o lOUT 2 


"7 


FIGURE 
3. DAC7541A 
Equivalent 
Circuit 
(All 
inputs 


HIGH). 


BINARY INPUT 
ANALOG 
OUTPUT 


MSB 
LSB 


111111111111 
-VAEF 
(4095/4096) 


1000 0000 0000 
-YAEF 
(2048/4096) 


0000 0000 0001 
-YAEF 
(1/4096) 
0000 0000 0000 
OV 


C, phase compensation 
(10 to 25pF) in Figure 4 may be 


required for stability when using high speed amplifiers. 
C, 


is used to cancel 
the pole formed 
by the DAC 
internal 
feedback resistance 
and output capacitance 
at Outl. 


R, in Figure 5 provides full scale trim capability-load 
the 


DAC register to 1111 1111 1111, adjust R, for VOUT = - 
VREF (4095/4096). 
Alternatively, 
full scale can be adjusted 


by omitting RI and R2 and trimming 
the reference 
voltage 
magnitude. 


BIPOLAR 
FOUR-QUADRANT 
OPERATION 
Figure 6 shows the connections 
for bipolar 
four-quadrant 
operation. Offset can be adjusted with the Al to A2 summing 
resistor, 
with the input code set to 1000סס ooסס oo. Gain 
may be adjusted by varying the feedback resistor of A2. The 
input/output 
relationship 
is shown in Table II. 


BINARY INPUT 
ANALOG 
OUTPUT 


MSB 
LSB 


111111111111 
+VAEF 
(2047/2048) 


1000 0000 0000 
OV 


011111111111 
-VAEF 
(112048) 


0000 0000 0000 
-VAEF 
(2048/2048) 
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( 
B1 
82 
83 
812 ) 
Vour = -V REF 
2 
+ 4 
+ 
8 
+ ••• 
+ 4096 


( 
B1 
82 
83 
812) 
Vour = +VAEF 
1 
+ 2 
+ 4 
+ ••• 
+ 2048 -1 
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DIGITALLY 
CONTROLLED 
GAIN BLOCK 


The DAC754lA 
may be used in a digitally controlled 
gain 
block as shown in Figure 7. This circuit gives a range of gain 
from one (all bits = one) to 4096 (LSB = one). The transfer 
function is: 


-V'N 
VOUT =----------- 


( 
B, 
B2 
B, 
B'2 
) 
2""+4 +8+···+ 4096 


18 
16 


DAC7541A 


1 
17 
2 
3 


All bits off is an illegal state, as division by zero is impos- 
sible (no op amp feedback). 
Also, errors increase 
as gain 
increases, 
and errors are minimized 
at major carries (only 
one bit on at a time). 
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CMOS 12-Bit Multiplying 
DIGITAL- TO-ANALOG 
CONVERTER 


Microprocessor 
Compatible 


• 
FOUR-QUADRANT 
MULTIPLICATION 


• 
LOW GAIN TC: 2ppm/oC typ 


• 
MONOTONICITY 
GUARANTEED 
OVER 
TEMPERATURE 


• 
SINGLE 
5V TO 15V SUPPLY 


• 
TTUCMOS 
LOGIC COMPATIBLE 


• 
LOW OUTPUT 
LEAKAGE: 
10nA max 


• 
LOW OUTPUT 
CAPACITANCE: 
70pF max 


• 
DIRECT 
REPLACEMENT 
FOR AD7545, 


PM-7545 


The 
DAC7545 
is a low-cost 
CMOS, 
12-bit four- 
quadrant multiplying, 
digital-to-analog 
converter with 
input data latches. The input data is loaded into the 
DAC as a 12-bit data word. The data flows through to 
the DAC when both the chip select (CS) and the write 
(WR) pins are at a logic low. 


Laser-trimmed 
thin-film resistors and excellent CMOS 


voltage switches provide true 12-bit integral and dif- 
ferential 
linearity. 
The device 
operates 
on a single 


+5V to + 15V supply and is available in 20-pin plastic 
DIP or 20-lead 
plastic 
SOIC packages. 
Devices 
are 


specified over the commercial. 


The DAC7545 
is well suited for battery or other low 


power applications 
because 
the power dissipation 
is 


less than O.5mW when used with CMOS logic inputs 
and V DD = +5V. 


VDD 


3 
DGND 
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DAC7545 


Voo = +SV 
Voo=+15V 


PARAMETER 
GRADE 
T.•.= +25°C 
T MAX-TM1N(1) 
T.•.= +25°C 
TMAX-TMIN(1) 
UNITS 
TEST CONDITIONs/COMMENTS 


STATIC PERFORMANCE 
Resolution 
All 
12 
12 
12 
12 
Bits 
Accuracy 
J 
±2 
±2 
±2 
±2 
LSB 


K 
±1 
±1 
±1 
±1 
LSB 
L 
±1/2 
±1/2 
±1/2 
±1/2 
LSB 
GL 
±112 
±112 
±112 
±112 
LSB 


Differential Nonlinearity 
J 
±4 
±4 
±4 
±4 
LSB 
1O-Bit Monotonic, 
TMIN to T MAX 


K 
±1 
±1 
±1 
±1 
LSB 
10-Bit Monotonic, TMIN to TMAX 


L 
±1 
±1 
±1 
±1 
LSB 
12-Bit Monotonic, TMIN to TMAX 


GL 
±1 
±1 
±1 
±1 
LSB 
12-Bit Monotonic, TMIN to TMAX 


Gain Error (with internal RFS)(2) 
J 
±20 
±20 
±25 
±25 
LSB 
{ D/A register loaded with FFFH. 


K 
±10 
±10 
±15 
±15 
LSB 
Gain error is adjustable using 


L 
±5 
±6 
±10 
±10 
LSB 
the circuits in Figures 2 and 3. 


GL 
±1 
±2 
±6 
±7 
LSB 


Gain Temperature 
Coefficient(3) 
(AGain/ATemperature) 
All 
±5 
±5 
±10 
±10 
ppml"C 
Typical value is 2ppmf'C 


for Voa = +5 


DC Supply Rejection") 


(t>Gain/t>Voo) 
All 
0.015 
0.03 
0.01 
0.02 
%/% 
t1Voo±5% 
Output Leakage Current at Out 1 
J, K, L, GL 
10 
50 
10 
50 
nA 
DBa·DB" 
= OV; WR, CS = OV 


DYNAMIC 
PERFORMANCE 


Current 
Settling 
Time(3) 
All 
2 
2 
2 
2 
liS 
To 1/2LSB. Out, Load = loon 
DAC output 
measured 
from 


tailing edge of WR. CS = OV 


Propagation 
Delay(3) (from digital 
input 
All 


change to 90% of final analog output) 
300 
250 
ns 
Out, Load = 100n. CEXT= 13pFI') 


Glitch Energy 
All 
400 
250 
nV-s(5) 
VREFc ACOM 


AC Feedback at lOUT1 
All 
5 
5 
5 
5 
mVp-p(5} VAEF 
=±10V, 
10kHz Sine Wave 


REFERENCE 
INPUT 
Input Resistance 
(pin 19 to AGND) 
All 
7 
7 
7 
7 
k!l") 
Input resistance Te '" 300ppmrC(5 


25 
25 
25 
25 
kn 


ACOUTPUTS 
Output Capacitance(3): COUT 1 
All 
70 
70 
70 
70 
pF 
DBa-DB" 
= OV; WR, CS = OV 
COUT2 
All 
200 
200 
200 
200 
pF 
DBa-DB" 
= Voo; WR, CS = OV 


DIGITAL 
INPUTS 


V,H (Input HIGH Voltage) 
All 
2.4 
2.4 
13.5 
13.5 
V(6) 


V" (Input LOW Voltage) 
All 
0.8 
0.8 
1.5 
1.5 
V 


IIN (Input Current)t7) 
All 
±1 
±10 
±1 
±10 
~A 
VtN=OorVOD 


Input Capacitance(3): OBo-oB11 
All 
5 
5 
5 
5 
pF 
V,N = OV 
WR,CS 
All 
20 
20 
20 
20 
pF 
VIN = OV 


SWITCHING 
CHARACTERISTICS"} 
Chip Select to Write Setup Time, tes 
All 
280 
380 
180 
200 
Og(6) 
See Timing Diagram 
200 
270 
120 
150 
ns(5J 


Chip Select to Write Hold Time, 1cH 
All 
0 
0 
0 
0 
OS(6) 


Write Pulse Width. tWA 
All 
250 
400 
160 
240 
os{G) 
1cs~ twR, 1cH~ 0 


175 
280 
100 
170 
OS(5) 


Data Setup Time, tos 
All 
140 
210 
90 
120 
OS(6) 


100 
150 
60 
80 
OS(5) 


Data Hold Time. tDH 
All 
10 
10 
10 
10 
Og(6) 


POWER SUPPLY, 
100 


All 
2 
2 
2 
2 
mA 
All Digital 
Inputs V1L or V1H 
All 
100 
500 
100 
500 
liA 
All Digital Inputs OV or VDO 
All 
10 
10 
10 
10 
~15} 
All Digital 
Inputs OV or Voa 


NOTES: (1) Temperature 
ranges-J, 
K, L, GL: O°C to +70°C. (2) This includes the effect of 5ppm max, gain TC. (3) Guaranteed 
but not tested. (4) DBa·DB" 
= OVto 
Voa or Voa to av. (5) Typical. (6) Minimum. 
(7) Logic inputs are MOS gates. Typical input current (+25°C) is less than loA. 
(8) Sample tested at +25°C to ensure 
compliance. 


The information 
provided 
herein is believed to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for tho uso of this information, and all use or such Information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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ABSOLUTE 
MAXIMUM 
RATINGS 
TA = +25°C, 
unless otherwise 
noted. 


Voo to DGND 
.. 
-o.3V, 
+17 
Digital Input to DGND 
-o.3V, 
Voo 
VRFB, VREF, to DGND 
±25V 
V.,N, 
to DGND . 
. 
-o.3V,Voo 
AGND to DGND 
.. 
-o.3V,Voo 
Power Dissipation: Any Package to +75°C 
450mW 
Derates above +75°C by 
6mW/"C 


Operating Temperature: 


Commercial J. K, L, GL.. 
. 
aoc to +70°C 


Storage 
Temperature 
~5°C to +150°C 
Lead Temperature 
(soldering, 
10s) 
+300°C 


NOTE: 
Stresses 
above those listed above may cause permanent 
damage 
to the device. 
This is a stress rating only and functional 
operation 
of the 


device 
at these 
or any other condition 
above 
those 
indicated 
in the opera· 


tional sections 
of this specification 
is not implied. 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods may affect device reliability. 


A 
ELECTROSTATIC 
J.l:Ia. DISCHARGE SENSITIVITY 


Any integral circuit can be damaged 
by ESD. Burr-Brown 


recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated 
circuits 


may be more 
susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


OUT 1 


AGND 


DGND 


(MSB)DBll 


DB. 


DB. 10 


cs 
It) 


DBo(LSB) 
~It) 


DB, 
r--0 
DB, 
<C 


DBa 
C 


11 
DB. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


DAC7545JP 
20-Pin PDIP 
222 


DAC7545KP 
20-Pin PDIP 
222 


DAC7545LP 
20-Pin PDIP 
222 


DAC7545GLP 
20-Pin PDIP 
222 


DAC7545JU 
20-Pin SOIC 
221 


DAC7545KU 
20-Pin SOIC 
221 


DAC7545LU 
20-Pin SOIC 
221 
DAC7545GLU 
20-Pin SOIC 
221 


TEMPERATURE 
RELATIVE 
GAIN ERROR (LSB) 
MODEL 
PACKAGE 
RANGE 
ACCURACY 
(LSB) 
Voo = +sv 


DAC7545JP 
Plastic DIP 
O°C to +70°C 
±2 
±20 
DAC7545KP 
Plastic DIP 
DOC to +70°C 
±1 
±10 
DAC7545LP 
Plastic DIP 
O°Cto +70°C 
±112 
±5 
DAC7545GLP 
Plastic DIP 
O°Cto +70°C 
±1/2 
±1 


DAC7545JU 
Plastic SOIC 
DoC to +70°C 
±2 
±20 
DAC7545KU 
Plastic SOIC 
O°Cto +70°C 
±1 
±10 
DAC7545LU 
Plastic SOIC 
DoC to +70°C 
±1/2 
±5 
DAC7545GLU 
Plastic SOIC 
O°Cto +70°C 
±112 
±1 
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WRITE CYCLE TIMING DIAGRAM 
-tes-l-teH- 
VOO 


---0 


WR __ 
~IWCy 
:00 


Oalaln 
x-1os===1 c 


lOH 


V 
ooo 
VIH 
Data 
(OBo-OB,,) 
~. 
. v. 
Valid 


DISCUSSION 
OF SPECIFICATIONS 


Relative Accuracy 
This term (also known as end point linearity) describes 
the 
transfer 
function 
of analog 
output 
to digital 
input code. 


Relative 
accuracy 
describes 
the deviation 
from a straight 
line after zero and full scale have been adjusted. 


Differential 
Nonlinearity 


Differential nonlinearity 
is the deviation from an ideal ILSB 
change 
in the output, for adjacent 
input code changes. 
A 
differential 
nonlinearity 
specification 
of ILSB guarantees 
monotonicity. 


Gain Error 
Gain error is the difference 
in measure of full-scale 
output 
versus 
the ideal 
DAC 
output. 
The 
ideal 
output 
for the 
DAC7545 
is 
(4095/4096)(Y 
REF)' 
Gain error may be ad- 
justed to zero using external trims as shown in the applica- 
tions section. 


Mode selection 


Write Mode 
Hold Mode 


CS and WR low, OAC responds 
Eilher CS or WR high, dala bus 


to Data Bus (OBo-OB,,) inpuls. 
(OBo-OB,,) is locked out; OAC 
holds last dala presenl when 
WR or CS assumed high slate. 


NOTES: Voo = +5V, IR = IF = 20ns. Voo = +15V, IR = IF= 40ns. All inpuls signal 
rise and fall times measured 
from 10% to 90% of VOD' Timing 
measurement 
reference 
level is (VIH + VIL}/2. 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
OUT 1 
13 
DB, 


2 
AGNO 
14 
DB, 


3 
AGNO 
15 
DB, (lSB) 


4 
OGNO 
16 
OBo 


5 
OB11 
17 
CS 


6 
OB10 
18 
WR 


7 
OB9 
19 
XYR 


8 
OB8 
20 
Voo 


9 
OB7 
21 
VAEF 


10 
OB6 
22 
RFS 


11 
DB, 
23 
OUT, 


12 
DB, 


MilS 
(0.001") 
MilliMETERS 


Die Size 
136 x 134 ±5 
3.45 x 3.40 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10xO.l0 


Metalization 
Aluminum 


Output Leakage Current 
The current which appears at OUT I with the DAC loaded 
with all zeros. 


Multiplying 
Feedthrough 
Error 


The AC output 
error due to capacitive 
feedthrough 
from 
VREF to OUT I with the DAC loaded with all zeros. This test 
is performed 
using a 10kHz sine wave. 


Output Current Settling Time 
The time required 
for the output to settle within ±O.5LSB 
of final value from a change in code of all zeros to all ones, 
or all ones to all zeros. 
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Propagation 
Delay 


The delay of the internal circuitry 
is measured 
as the time 


from 
a digital 
code 
change 
to the 
point 
at which 
the 


output reaches 90% of final value. 


Digital-to-Analog 
Glitch Impulse 


The area of the glitch energy measured in nanovolt-seconds. 
Key 
contributions 
to glitch 
energy 
are internal 
circuitry 


timing 
differences 
and 
charge 
injected 
from 
digital 


logic. The measurement 
is performed with V REF = GND and 
an 
OPA600 
as 
the 
output 
op 
amp 
and 
Gj 
(phase 


compensation) 
= OpF. 


Monotonicity 
Monotonicity 
assures 
that the analog output will increase 
or stay the same for increasing 
digital 
input codes. 
The 


DAC7545 
is guaranteed 
monotonic 
to 12 bits, except the 


J grade is specified to be lO-bit monotonic. 


Power Supply Rejection 
Power supply rejection 
is the measure of the sensitivity 
of 
the output 
(full scale) 
to a change 
in the power 
supply 


voltage. 


Figure 
I shows 
a simplified 
schematic 
of the digital-to- 
analog converter portion of the DAC7545. The current from 
the V REF pin is switched 
from OUT 
I to AGND 
by the 
FET switch. This circuit architecture 
keeps the resistance at 


the reference pin constant and equal to RLDR, so the reference 
could be provided by either a voltage or current, AC or DC, 
positive or negative polarity, and have a voltage range up to 
±20V even with Voo = 5V. The RLOR is equal to "R" and is 
typically 
Ilkn. 


~ 


'" , 
, 
, 


, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
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The output capacitance 
of the DAC7545 
is code dependent 
and varies from a minimum value (70pF) at code OOOHto a 
maximum 
(200pF) at code FFFH. 


The input buffers 
are CMOS 
inverters, 
designed 
so that 
when the DAC7545 is operated from a 5V supply (VDD)' the 
logic threshold 
is TTL-compatible. 
Being 
simple 
CMOS 
inverters, 
there is a range of operation 
where the inverters 
operate 
in the linear 
region 
and thus draw 
more supply 


current than normal. Minimizing this transition time through 
the linear region 
and insuring 
that the digital 
inputs 
are 
operated as close to the rails as possible will minimize 
the 
supply drain current. 


Figure 2 shows the DAC7545 connected 
for unipolar opera- 
tion. The high-grade 
DAC7545 is specified for a lLSB gain 
error, so gain adjust is typically 
not needed. However, 
the 


resistors shown are for adjusting full-scale errors. The value 
of R1 should be minimized 
to reduce the effects 
of mis- 


matching 
temperature 
coefficients 
between the internal and 
external 
resistors. 
A range of adjustment 
of 1.5 times the __ 


desired 
range 
will 
be 
adequate. 
For 
example, 
for 
a 


DAC7545JP, 
the gain error is specified 
to be ±25LSB. 
A 


range 
of adjustment 
of ±37LSB 
will 
be adequate. 
The 


equation below results in a value of 458n 
for the potentiom- 
eter (use SOOn). 


RLADDER 
. 
R1 = --- 
(3 x Gam Error) 


4096 


The addition 
of R1 will cause 
a negative 
gain error. To 


compensate for this error, R, must be added. The value of R, 
should be one-third the value of R1• 


The capacitor 
across the feedback 
resistor is used to com- 
pensate for the phase shift due to stray capacitances 
of the 
circuit board, the DAC output capacitance, 
and op amp input 
capacitance. 
Eliminating 
this capacitor will result in exces- 
sive ringing and an increase in glitch energy. This capacitor 
should be as small as possible to minimize 
settling time. 


The circuit of Figure 2 may be used with input voltages up 
to ±20V as long as the output amplifier 
is biased to handle 


the excursions. 
Table I represents the analog output for four 
codes into the DAC for Figure 2. 


BINARY CODE 
ANALOG 
OUTPUT 


MSB 
LSB 
111111111111 
-V'N 
(4095/4096) 


1000 0000 0000 
-V,N (2048/4096) 
:-1/2V,N 


0000 0000 0001 
-V'N 
(1/4096) 


0000 0000 0000 
OV 


BURR-BROWNiI 
I~~I 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


BIPOLAR 
OPERATION 


Figure 3 and Table II illustrate the recommended 
circuit and 
code relationship 
for bipolar operation. 
The D/A function 
itself uses offset binary code. The inverter, V" on the MSB 
line converts two's complement 
input code to offset binary 
code. 
If the inversion 
is done 
in software, 
V I may 
be 
omitted. 


R3, R., and R, must match within 0.01% and should be the 
same type of resistors (preferably 
wire-wound or metal foil), 


so that their temperature 
coefficients 
match. Mismatch of R3 
value to R. causes both offset and full-scale error. Mismatch 
of R, to R. and R3 causes full-scale 
error. 


DATA INPUT 
ANALOG 
OUTPUT 


MSB 
LSB 
01111"111" 
+V'N (2047/2048) 
000000000001 
+V'N (1/2048) 
0000 0000 0000 
OV 
'1111'1111'1 
-V,N (1/2048) 
'000 
0000 0000 
-V,N (204812048) 


TABLE 
II. Two's Complement 
Code Table for Circuit of 
Figure 3. 


DIGITALLY 
CONTROLLED 
GAIN BLOCK 


Figure 4 shows a circuit for digitally controlled 
gain block. 
The feedback for the op amp is made up of the FET switch 
and the R-2R ladder. The input resistor to the gain block is 
the RFB of the DAC7545. 
Since the FET switch is in the 
feedback loop, a "zero code" into the DAC will result in the 
op amp having no feedback, and a saturated op amp output. 


CMOS DACs, such as the DAC7545, exhibit a code-depen- 
dent out resistance. 
The effect of this is a code-dependent 
differential 
nonlinearity 
at the 
amplifier 
output 
which 
depends 
on the offset voltage, 
Vos' of the amplifier. 
Thus 
linearity depends 
upon the potential of OUT I and AGND 
being exactly 
equal 
to each 
other. 
Usually 
the DAC 
is 


-V1N 
VOUT""---------- 
08'1 
08'0 
DBg 
DBo 
-2-+-4-+-8-+"· 
+ 4096 


NOTE: There must be 
alleast 
1LSB loaded in 
the OAC or the amp will 
saturate 
due to the lack 
of feedback. 


connected 
to an external op amp with its noninverting 
input 
connected 
to AGND. 
The op amp selected 
should have a 
low input 
bias current 
and low Vos and Vos drift over 
temperature. 
The op amp offset voltage should be less than 
(25 x IQ-6)(V REF) 
over operating 
conditions. 
Suitable 
op 
amps are the Burr-Brown 
OPA37 and the OPA627 for fixed 
reference applications 
and low bandwidth 
requirement. 
The 
OPA37 has low Vos and will not require an offset trim. For 
wide bandwidth, high slew rate, or fast settling applications, 
the Burr-Brown OPA604 or 1/2 OPA2604 are recommended. 


Unused 
digital 
inputs 
should 
be connected 
to VDD or to 
DGND. This prevents noise form triggering the high imped- 
ance digital 
input. It is suggested 
that the unused 
digital 
inputs also be given a path to ground or VDD through a IMil 
resistor to prevent the accumulation 
of static charge if the PC 
card is unplugged 
from the system. In addition, in systems 


where the AGND to DGND connection 
is on a backplane, 
it 


is recommended 
that two diodes be connected 
in inverse 
parallel between AGND and DGND. 
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INTERFACING 
TO MICROPROCESSORS 


The DAC7545 
can be directly interfaced 
to either an 8- or 
16-bit microprocessor 
through 
its l2-bit 
wide data latch 
using the CS and WR controls. 


An 8-bit processor interface is shown in Figure 5. It uses two 
memory addresses, 
one for the lower 8 bits and one for the 
upper 4 bits of data into the DAC via the latch. 


NOTES: (1) 00• Decoded Address for DAC. 
(2) 0, = Decoded Address for Latch. 
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DAC7800 
DAC7801 
DAC7802 


Dual Monolithic CMOS 12-Bit Multiplying 
DIGITAL-TO-ANALOG CONVERTERS 


• 
TWO D/As IN A 0.3" WIDE PACKAGE 


• 
SINGLE 
+5V SUPPLY 


• 
HIGH SPEED 
DIGITAL 
INTERFACE: 


Serial-DAC7800 
8 + 4-Bit 
Parallel-DAC7801 


12-Bit Parallel-DAC7802 


• 
MONOTONIC 
OVER TEMPERATURE 


• 
LOW CROSSTALK: 
-94dB 
min 


• 
FULLY 
SPECIFIED 
OVER -40oC 
TO +850C 


The DAC7800. 
DAC7801 
and DAC7802 
are mem- 
bers of a new family of monolithic dual 12-bit CMOS 
multiplying 
digital-to-analog 
converters. 
The digital 


interface 
speed and the AC multiplying 
performance 
are achieved 
by using an advanced 
CMOS 
process 
optimized 
for data conversion 
circuits. High stability 
on-chip resistors provide true l2-bit integral and dif- 
ferentiallinearity 
over the wide industrial temperature 
range of -40oC to +85°C. 


DAC7800 features a serial interface capable of clock- 
ing-in data at a rate of at least IOMHz. Serial data is 
clocked (edge triggered) 
MSB first into a 24-bit shift 
register and then latched into each D/A separately 
or 
simultaneously 
as required 
by the application. 
An 
asynchronous 
CLEAR control is provided for power- 
on reset or system calibration functions. It is packaged 
in a l6-pin 0.3" wide plastic DIP. 


DAC7801 
has 
a 2-byte 
(8 + 4) 
double-buffered 
interface. 
Data is first loaded (level transferred) 
into 
the input registers 
in two steps for each D/A. Then 
both D/As are updated simultaneously. 
DAC7801 fea- 
tures an asynchronous 
CLEAR control. DAC7801 
is 
packaged 
in a 24-pin 0.3" widc plastic DIP. 


• 
PROCESS 
CONTROL 
OUTPUTS 


• 
ATE PIN ELECTRONICS 
LEVEL 
SETTING 


• 
PROGRAMMABLE 
FILTERS 


• 
PROGRAMMABLE 
GAIN CIRCUITS 


• 
AUTO-CALIBRATION 
CIRCUITS 


DAC7802 
has a single-buffered 
12-bit data word in- 
terface. Parallel data is loaded (edge triggered) into the 
single D/A register for each D/A. DAC7802 
is pack- 
aged in a 24-pin 0.3" wide plastic DIP. 


"" 
I"'" 
lID 1a:1'" 


...J 
0 
0 
...J 
() 
U 
Q.. 
a.. 
0 


=> => 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


ACCURACY 
Resolution 
12 


Relative Accuracy 
±1 
±1/2 


Differential 
Nonlinearity 
±1 
Gain Error 
Measured Using RFB 
A and RFB 
B· 
±3 
±1 
All Registers Loaded with All 1s. 
Gain Temperature 
Coetfjcien~l) 
2 
5 
Output Leakage Current 
TA 
:: +25°C 
0.005 
10 


T A = -40°C 
to +85°C 
3 
150 


REFERENCE 
INPUT 
Input Resistance 
10 
14 
Input Resistance 
Match 
0.5 
3 


DIGITAL 
INPUTS 


V,H (Input High Voltage) 
VIL (Input Low Voltage) 
0.8 


I'N 
(Input Current) 
TA:= 
+25°C 
±1 


TA 
• -40°C 
to +85°C 
±10 
C'N (Input Capacitance) 
0.8 
10 


POWER SUPPLY 
VDD 
4.5 
5.5 
IDD 
0.2 
2 
Power Supply Rejection 
Voo from 4.5V to 5.5V 
0.002 


ppml"C 
nA 


nA 


DAC780017801na02K 
DAC78OO17801na02L 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OUTPUT CURRENT 
SETTLING 
TIME 
To 0.01% at Full Scate 
0.4 
0.8 
~s 


RL• 
1000, 
CL• 
13pF 


DIGITAL·TO·ANALOG 
GLITCH 
IMPULSE 
VAEF 
A = VREF 
B :: OV 
0.9 
nV-s 


RL• 
1000, CL• 
13pF 


AC FEEDTHROUGH 
fVREF 
:: 10kHz 
-75 
-72 
dB 


OUTPUT 
CAPACITANCE 
DAC Loaded with All Os 
30 
50 
pF 


DAC Loaded with All 1s 
70 
100 
pF 


CHANNEL-TO-CHANNEL 
ISOLATION 


VAEF 
A to lOUT B 
tVREF A = 10kHz 
-90 
-94 
dB 


VAEF 8 = av, 


Bolh DACs Loaded with 1s 


VREF 
B to lOUT A 
tVREF 
B 
"" 10kHz 
-90 
-101 
dB 
VREF A = av, 


Both DACs Loaded with 1s 


DIGITAL 
CROSSTALK 
Full Scale Transition 
0.9 
nV-s 


RL 
: 
1000, 
CL = 13pF 


Tne InrorlTlalion provided 
"SIBln 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no rcspon3ibility 
for inaccurocioo 
or omicoiono. 
BURR 
BROWN 
a&&umQ~ 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR· BROWN does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Voo to DGND.. 
. 
av, +7V 
AGND to DGND 
... -1).3. Voo 


Digital Input to DGND 
...-1).3. Voo + 0.3 
VAEF 
A. VAEF• 
to AGND 
±25V 
VAEF 
A. VAEF• 
to DGND 
... ±25V 


lOUT A' louT' 
to AGND 
-1).3, Voo 
Storage 
Temperature 
Range 
-55°C 
to + 125°C 


Operating 
Temperature 
Range.. 
. 
.. -40°C 
to +85°C 
Lead Temperature 
(soldering. 
10s) 
+300°C 


Junction Temperature 
+175°C 


A 
ELECTROSTATIC 
J:t:J;". DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation 
to complete device failure. 


Burr-Brown 
Corporation 
recommends 
that all integrated cir- 
cuits be handled and stored using appropriate ESD protection 
methods. 


Digital Inputs: All digital inputs of the DAC780X 
family 
incorporate on-chip ESD protection circuitry. This protection 
is designed 
and has been tested to withstand 
five 2500V 


MODEL 
RELATIVE 
ACCURACY 
GAIN ERROR 
PACKAGE 


DAC7800KP 
±1LSB 
±3LSB 
16·Pin DIP 
DAC7800KU 
16-Lead SO 
DAC7800LP 
±1I2LSB 
±1LSB 
16·Pin DIP 
DAC7800LU 
16-Lead SO 


DAC7801KP 
±1LSB 
±3LSB 
24-Pin DIP 


DAC7801KU 
24-Lead SO 
DAC7801LP 
±1I2LSB 
±1LSB 
24-Pin DIP 


DAC7801LU 
24·Lead SO 


DAC7802KP 
±1LSB 
±3LSB 
24·Pin DIP 


DAC7802KUllj 
24·Lead SO 
DAC7B02LP 
±lI2LSB 
±1LSB 
24·Pin DIP 


DAC7802LU 
24-Lead SO 


.-- 
- 
.__ ...__ .. 


DAC7800KP 
1S·Pin PDIP 
180 


DAC7800LP 
1S·Pin PDIP 
180 
DAC7800KU 
1S·Pin SOIC 
211 
DAC7800LU 
1S·Pin SOIC 
211 


DAC7B01KP 
24·Pin DIP 
243 
DAC7B01LP 
24·Pin DIP 
243 


DAC7B01KU 
24·Pin SOIC 
239 


DAC7B01LU 
24-Pin SOIC 
239 


DAC7802KP 
24-Pin DIP 
243-3 


DAC7B02LP 
24-Pin DIP 
243-3 
DAC7B02KU 
24-Pin SOIC 
239 
DAC7B02LU 
24·Pin SOIC 
239 


positive and negative discharges (I OOpFin series with 15000) 
applied to each digital input. 


Analog 
Pins: Each analog 
pin has been tested 
to Burr- 
Brown's 
analog ESD test consisting of five lOOOVpositive 
and negative discharges 
(IOOpF in series with 15000) 
ap- 
plied to each pin. AGND, lOUT, and RFB show some sensitiv- 
ity. Failure to observe ESD handling procedures could result 
in catastrophic 
device failure. 
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DAC7800 
MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
131 x 136 ±5 
3.33 x 3.07 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Metalization 
Aluminum 


DAC7801 
MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
131 x 134 ±5 
3.33 x 3.07 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.l0 


Metallization 
Aluminum 


DAC7802 
MilS 
(0.001 ") 
MilliMETERS 


Die Size 
131 x 121 ±5 
3.33 x 3.07 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Metalization 
Aluminum 
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BLOCK 
DIAGRAM 
voo 


ClK 


UPDA 


DAC7800 
Top View 
DIP 


16 
AGND B 


lOUTS 


RFBB 


VREFB 


voo 


CLR 


UPD B 


DGND 


ClK 
UPDA 
UPD B 
CS 
ClR 
FUNCTION 


X 
X 
X 
X 
0 
All register contents set to O's (asynchronous). 


X 
X 
X 
1 
X 
No data transfer. 
1. 
X 
X 
0 
1 
Input data is clocked into input register (location Bit 23) and previous data shifts. 


X 
0 
1 
0 
1 
Input register bits 23 (LSB)-12 
(MSB) are loaded into DAC A. 


X 
1 
0 
0 
1 
Input register bits 11 (LSB)-Q 
(MSB) are loaded into DAC B. 


X 
0 
0 
0 
1 
Input register bits 23 (LSB)-12 
(MSB) are loaded into DAC A, and input register bits 11 (lSB)--{l 
(MSB) 


are loaded into DAC B. 


X = Don't care. 1. means falling edge triggered. 


Data In 


Bit0 
Bit, 
Bit2 
Bil3 
Bit4 
BitS 
Bit6 
Bn 
Bil8 
Bil9 
B",O 
Bit11 
Bil12 
Bn13 
B",4 
BitlS 
B", 
Bit, 
B",8 
B",9 
BiI20 
Bn21 
Bn 
Bn23 


MSB 
LSB 
MSB 
LSB 
DAC B 
DAC B 
DAC A 
DAC A 
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DAC7800 (CONT) 


TIMING CHARACTERISTICS 


VOD = +SV, VREF 
A = VREF 
B::: 
+10V, TA = -40°C 
to +85°C. 


PARAMETER 
MINIMUM 


t1- 
Data Setup Time 
1505 
t2 - 
Data Hold Time 
15ns 
t, - 
Chip Select to ClK, 
15ns 
Upoate, Data Setup Time 
t, - 
Chip Select to ClK, 
40ns 
Update, Data Hold Time 
t5 - 
ClK 
Pulse Width 
4005 
t6 - 
Clear Pulse Width 
40ns 
t,- 
Update Pulse Width 
40ns 
t,- 
ClK 
Edge to UPD A 
15ns 
or UPD B 


.....t51-"- 


ClK~1 
, 
••• 


-+I t, -- 


DATA :::IJt:L::x---"'--'- ...--------------- 


~ 
t 
3 


~ 
-.l t 


2 


~ 
---------------- 


CS 
--{~ 
_ 


N 


OV 
S2 


5V 
,... 


OV 
~ 
I 
5V 
0 
CO 


~t8"" 
t7 ...-t4..1 
,..... 


V 
5V 
0 
...•.\1= 


5V « 
C 


UPDA 
---------------------- 


UPD B 


ClR 


NOTES: (1) All input signal rise and fall times are measured from 10% to 90% of +5V. tR::: tF = 50S. (2) Tim- 
ing measurement 
reference level is V1H+ V1L. 
--2- 


DAC7801 
BLOCK 
DIAGRAM 


UPD 
19 


A1 
" 
'0> 
AO 
0 
...J 


CS 
~ 
0 


WR 
() 


ClR 
17 


PIN CONFIGURATION 
ena:wI- 


AGNDA 
• 
24 
AGND B 
a: 


lOUT A 
lours 
W> 
RFBA 
RFBB 
Z 


VREF 
A 
VREFB 
0 


CS 
Voo 
0 


lOUT 
A 
DBO 
DAC78D1 
UPD 
CJ 
Top View 
0 
AGNDA 
DB1 
DIP 
WR 
..J 


RFBA 
DB2 
ClR 
« 
Z 
DB3 
A1 
« 
DB4 
AO 
I 


VREFB 
0 


RFBB 
DB5 
DB7 
l- 


I 


lours 
DGND 
12 
13 
DBS 
..J 


AGND B 
~ 
CJ 
C 


CLR 
UPD 
CS 
WR 
A1 
AD 
FUNCTION 


.,. 


1 
1 
1 
X 
X 
X 
No Data Transfer 
1 
1 
X 
1 
X 
X 
No Data Transfer 
D 
X 
X 
X 
X 
X 
All Registers Cleared 
1 
1 
0 
0 
0 
0 
DAC A lS 
Input Register loaded 
with DB7-DBO (lSB) 


1 
1 
0 
0 
0 
1 
DAC A MS Input Register loaded 
with DB3 (MSB)-DBO 
1 
1 
0 
0 
1 
0 
DAC B lS 
Input Register loaded 
with DB7-DBO (lSB) 


1 
1 
0 
0 
1 
1 
DAC 
B MS Input 
RegistQr 
Loaded 
with 
083 
(MSB)-OBO 


1 
0 
1 
0 
X 
X 
OAC A, DAC B Registers Updated Simultaneously 
from Input Registers 


1 
0 
0 
0 
X 
X 
DAC A. DAC B Registers are Transparent 


X '" Don't care. 
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PARAMETER 
MINIMUM 


t, - 
Address 
Valid to Write Setup Time 
10ns 
t2 - 
Address Valid to Write Hold Time 
10ns 


t, - 
Data Setup Time 
30ns 
t. - 
Data Hold Time 
10ns 
Is- 
Chip Select or Update to Write Setup TIme 
Ons 
t,; - 
Chip Select or Update to Write Hold Time 
Ons 


t7 - 
Write Pulse Width 
40ns 


t. - 
Clear Pulse Width 
40ns 


.•... t7~ 


WR -----~L_./-------- ~~ 


_________ 
~I--t.-j_ 
SV 


CLR 
~OV 


DAC7802 


BLOCK DIAGRAM 


AGND 
• 
24 
lOUT0 


lOUT A 
RFB8 


RFBA 
VREFB 


VREFA 
Voo 


lOUT_ 


CSA 
CSB 


RFBA 
(LSB) DBO 
DAC7802 
WR 


VREF A 
Top View 


OBI 
DIP 
DB11 (MSB) 


VREFB 


DB2 
DB10 


RFBB 


DB3 
DBS 


IOUTB 


DBB 
DB4 
AGND 


DBS 
DB7 


DGND 
12 
13 
DB6 


TIMING CHARACTERISTICS 


At Voa' 
+SV, 
and T_ = -4Q<>Cto +BS"C. 


CSA 
CSB 
WR 
FUNCTION 


X 
X 
1 
No Data Transfer 
, 
, 
X 
No Data Transfer 


.J 
.J 
0 
A Rising Edge on CSA or CSB Loads 
Data to the Respective 
DAC 


0 
, 
.J 
DAC A Register Loaded from Data Bus 


1 
0 
.J 
DAC B Register Loaded from Data Bus 


0 
0 
.J 
DAC A and DAC B Registers Loaded 
from Data Bus 


X = Don't care. l" means 
rising edge triggered. 


PARAMETER 
MINIMUM 


1, . Data Setup 
Time 
20n5 
12• Data Hold Time 
15ns 


13 - Chip Select 
to Write 
Setup Time 
30ns 


t. • Chip Select to Write Hold Time 
Ons 


t, • Write Pulse Width 
30ns 


~tl------' 
t2 -- 


DATA =;:ox 
~~~~ 
t, 


CSA,CSB 
~ 
~ 
-!s- 
SV 


WR 
\ 
/ 


NOTES: 
(1) 
All input 
signal 
rise and 
fall times 
are 
measurod 
from 
100;" 


to 90% of +SV. fA = IF = 5ns. (2) Timing measurement 
reference 
level 


is 
V1H+ 
V1L 


2 
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$: 
100n 
"~ 
::l 
() 
f 
~ 
lOOp 
~ 
<5 


1p 


-75 
-50 
-25, 
0 
+25 
+50 
+75 
+100 
+125 


Temperature eC) 


-20 


-30 


-40 


-50 
iil~ 
-60 


""i 


-70 


-60 
() 
-90 


-100 


-110 


-120 
1k 
10k 
lOOk 
1M 
10M 


Frequency (Hz) 


-10 


-20 
iil 
-30 
~ 
-40 
.c 
g> 
-50 
e 
~ 


-60 
" 
-70 
u. 


-60 


-90 


-60 


-65 


-70 
iil~ 
-75 


.~ 
0 
-60 
z 
+ 
0 
-65 
II- 


-90 


-95 


lVrrns 


3Vrms 


6Vrms 
- 


III 
- 


II 


1k 


Frequency (Hz) 


~ 
/\ 


~ 
~ 
~ 
- 


~ 
- 
~ 
7" 
~ 
I-- 
- 


100k 


Frequency (Hz) 


FREQUENCY RESPONSE 
PSRR vs FREQUENCY 
+30 
70 


+20 
60 


+10 
50 


iil 
iil 
40 
~ 
~ 
" 
-10 
a: 
30 
>a; 
C,: 
10pF 
a: 
CD 
(/) 
-20 
a.. 
20 


-30 
10 
DAC Loaded wl1 s 


-40 


-50 
-10 
1k 
10k 
100k 
1M 
10M 
1k 
10k 
100k 
1M 


Frequency (Hz) 
Frequency (Hz) 
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For Immediate Assistance, Contact YourLocal Salesperson 


DISCUSSION OF 
SPECIFICATIONS 


RELATIVE 
ACCURACY 


This term, also known 
as end point linearity 
or integral 


linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 


DIFFERENTIAL 
NONLINEARITY 


Differential nonlinearity 
is the deviation from an ideal ILSB 


change in the output when the input code changes by ILSB. 
A differential 
nonlinearity 
specification 
of ILSB maximum 
guarantees 
monotonicity. 


GAIN ERROR 


Gain error is the difference 
between 
the full-scale 
DAC 
output and the ideal value. The ideal full scale output value 
for the DAC780X 
is -(4095/4096)VREF. 
Gain error may be 
adjusted to zero using external trims as shown in Figures 5 
and 7. 


OUTPUT 
LEAKAGE 
CURRENT 


The current which appears at lOUT A and lOUT B with the DAC 
loaded with all zeros. 


The parasitic capacitance 
measured from lOUT A or lOUT B to 
AGND. 


CHANNEL- TO-CHANNEL 
ISOLATION 


The AC output error due to capacitive coupling from DAC A 
to DAC B or DAC B to DAC A. 


MULTIPLYING 
FEEDTHROUGH 
ERROR 


The AC output error due to capacitive coupling from VREF to 


lOUT with the DAC loaded with all zeros. 


OUTPUT 
CURRENT 
SETILING 
TIME 


The time required for the output current to settle to within 
±O.OI% of final value for a full scale step. 


DIGITAL-TO-ANALOG 
GLITCH 
ENERGY 


The integrated area of the glitch pulse measured in nanovolt- 
seconds. 
The key contributor 
to digital-to-analog 
glitch is 
charge injected by digital logic switching 
transients. 


DIGITAL 
CROSSTALK 


Glitch 
impulse 
measured 
at the output 
of one DAC 
but 
caused 
by a full scale transition 
on the other DAC. The 
integrated 
area of the glitch pulse is measured 
in nanovolt- 
seconds. 


Figure 
I shows 
a simplified 
schematic 
of one half of a 
DAC780X. 
The current 
from the VREF A pin is switched 
between 
lOUT A and AGND by 12 single-pole 
double-throw 
CMOS switches. This maintains a constant current in each leg 


of the ladder regardless of the input code. The input resistance 
at VREF is therefore 
constant and can be driven by either a 
voltage or current, AC or DC, positive or negative polarity, 
and have a voltage range up to ±20V. 


A CMOS switch transistor, included in series with the ladder 
terminating 
resistor and in series with the feedback resistor, 
RFB A' compensates 
for the temperature 
drift of the ON 
resistance of the ladder switches. 


Figure 2 shows an equivalent circuit for DAC A. COUT is the 
output capacitance 
due to the N-channel 
switches and varies 
from about 30pF to 70pF with digital input code. The current 
source 
ILKG is the combination 
of surface and junction leak- 
ages to the substrate. 
ILKG approximately 
doubles every 10°C. 


Ro is the equivalent output resistance of the D/A and it varies 
with input code. 


ESD PROTECTION 


All digital inputs of the DAC780X 
incorporate on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, 
lOOpF and l500Q). 


However, industry standard ESD protection methods should 
be used when handling or storing these components. 
When 
not in use, devices should be stored in conductive 
foam or 
rails. The foam or rails should be discharged 
to the destina- 


tion socket potential before devices are removed. 


POWER SUPPLY 
CONNECTIONS 


The DAC780X are designed to operate on VDD= +5V ±IO%. 
For optimum performance 
and noise rejection, power supply 
decoupling 
capacitors 
CD should be added as shown in the 
application 
circuits. These capacitors 
(I W tantalum recom- 


mended) 
should be located close to the D/A. AGND 
and 
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DGND 
should 
be connected 
together 
at one point only, 


preferably at the power supply ground point. Separate returns 
minimize 
current flow in low-level 
signal paths if properly 
connected. 
Output op amp analog common (+ input) should 
be connected as near to the AGND pins of the DAC780X 
as 
possible. 


WIRING 
PRECAUTIONS 


To minimize 
AC feedthrough 
when designing 
a PC board, 


care should be taken to minimize 
capacitive 
coupling 
be- 
tween the VREFlines and the lOUTlines. Similarly, capacitive 
coupling 
between 
DACs may compromise 
the channel-to- 
channel isolation. Coupling from any of the digital control or 
data lines might 
degrade 
the glitch 
and digital 
crosstalk 
performance. 
Solder 
the DAC780X 
directly 
into the PC 
board without 
a socket. Sockets 
add parasitic 
capacitance 
(which can degrade AC performance). 


AMPLIFIER 
OFFSET 
VOLTAGE 


The output amplifier used with the DAC780X 
should have 
low input offset voltage 
to preserve 
the transfer 
function 
linearity. 
The voltage output of the amplifier 
has an error 
component 
which is the offset voltage of the op amp multi- 
plied by the "noise gain" of the circuit. This "noise gain" is 
equal to (RF/Ro + I) where Ro is the output impedance of the 
DIA lOUTterminal and RF is the feedback 
network 
imped- 
ance. The nonlinearity 
occurs due to the output impedance 
varying with code. If the 0 code case is excluded (where Ro 
= infinity), the Ro will vary from R to 3R providing a "noise 
gain" variation between 4/3 and 2. In addition, the variation 
of Ro is nonlinear with code, and the largest steps in Ro occur 
at major 
code 
transitions 
where 
the 
worst 
differential 


nonlinearity is also likely to be experienced. The nonlinearity 
seen at the amplifier 
output 
is 2Vos - 4Vos/3 
= 2Vos/3. 


Thus, to maintain good nonlinearity the op amp offset should 
be much less than 1/2LSB. 


UNIPOLAR 
CONFIGURATION 


Figure 3 shows DAC780X 
in a typical unipolar (two-quad- 
rant) multiplying 
configuration. 
The analog output values 
versus digital input code are listed in Table II. The opera- 
tional amplifiers 
used in this circuit can be single amplifiers 


such as the OPA602, or a dual amplifier such as the OPA2l 07. 
C I and C2 provide phase compensation 
to minimize settling 
time and overshoot 
when using a high speed operational 
amplifier. 


If an application requires the DIA to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistors R2 and R4 
induce a positive gain error greater than worst -case initial 
negative 
gain error. Trim resistors 
RI 
and R3 provide 
a 
variable negative gain error and have sufficient trim range to 
correct for the worst-case 
initial positive gain error plus the 
error produced by R2 and R4. 


Figure 5 shows the DAC780X 
in a typical bipolar 
(four- 
quadrant) multiplying 
configuration. 
The analog output val- 
ues versus digital input code are listed in Table III. 


DATA INPUT 
ANALOG 
OUTPUT 


MSB ~ 
~ LSB 
111111111111 
-YREF 
(4095/4096) 
1000 0000 0000 
-YREF 
(2048/4096) 
= -1/2YREF 
0000 0000 0001 
-YREF 
(1/4096) 
0000 0000 0000 
a Yolts 


The operational 
amplifiers 
used in this circuit can be single 
amplifiers such as the OPA602, a dual amplifier such as the 
OPA2107, 
or a quad amplifier like the OPA404. CI and C2 
provide phase compensation 
to minimize 
settling time and 
overshoot 
when using a high speed operational 
amplifier. 


The bipolar offset resistors R5-R7 
and R8-RlO 
should be 


ratio-matched 
to 0.0 I% to ensure the specified 
gain error 
performance. 
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variable negative gain error and have sufficient trim range to 
correct for the worst-case 
initial positive gain error plus the 
error produced by R2 and R4. 


For a bipolar DAC with 13 bits of resolution, 
two solutions 
are possible. As shown in Figure 7, the addition of a precision 
difference amplifier and a high speed JFET switch provides 
a 12-bit plus sign voltage-output 
DAC. When 
the switch 


selects the op amp output, the difference amplifier serves as 
a non-inverting 
output buffer. If the analog ground side of the 
switch is selected, the output of the difference 
amplifier is 
inverted. 


Another option, shown in Figure 8, also produces 
a 12-bit 
plus sign output without 
the additional 
switch and digital 
control line. 


DIGITALLY 
PROGRAMMABLE 
ACTIVE FILTER 


DAC780X are shown in Figure 9 in a digitally programmable 
active filter application. 
The design is based on the state- 


variable fJ.lter, Burr-Brown 
UAF42, an active filter topology 
that offers stable and repcatabk 
ftIter characteristics. 


1000 0000 0000 
011111111111 
0000 0000 0000 


T. REF 
\ "",u~ul 


o Vohs 
-VRE, 
(1/2048) 
-VRE, 
(2048/2048) 


R, 


Rs 
20kO 
10kO 


DACI and DAC2can be updated in parallel with a single word 
to set the center frequency of the filter. DAC 4, which makes 
use of the uncommitted 
op amp in UAF42, sets the Q of the 
filter. DAC3 sets the gain of the filter transfer function without 
changing the Q of the filter. The reverse is also true. 


The center frequency is determined 
by fc = 1/21tRC where R 


is the ladder resistance of the D/A (typical value, IOkQ) and 
C the internal capacitor value (IOOOpF)of the UAF42. Exter- 
nal capacitors can be added to lower the center frequency of 
the filter. But the highest center frequency for this circuit will 
be about 16kHz because the effective series resistance of the 
D/A cannot be less than IOkQ. 


Note that the ladder resistance 
of the D/A may vary from 
device to device. Thus, for best tracking, DAC2 and DAC3 
should be in the same package. 
Some calibration 
may be 
necessary from one filter to another. 
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R, 
U) 
10kil 
R, 
a: 
20kil 
W 
~a: 


VOUTS 
W> 
Z00 
CJ0 
..J 
<CZ 
<CI0 
~I..J 


~ 
CJ 
C 


±10V 
13 Bits 


INA10S 
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CMOS 12-Bit Serial Input Multiplying 
DIGITAL- TO-ANALOG 
CONVERTER 


FEATURES 


• 
12-BIT ACCURACY 
IN 8-PIN MINI-DIP 
AND 


8-PIN SOIC 


• 
FAST 3-WIRE 
SERIAL 
INTERFACE 


• 
LOW INL AND DNL: ±112 LSB max 


• 
GAIN ACCURACY 
TO ±1 LSB max 


• 
LOW GAIN TEMPCO: 
5ppmf'C 
max 


• 
OPERATES 
WITH +5V SUPPLY 


• 
TTUCMOS 
COMPATIBLE 


• 
ESD PROTECTED 


The DAC8043 
is a 12-bit current 
output 
multiplying 
digital-to-analog 
converter (DAC) that is packaged in a 
space saving surface 
mount 8-pin SOIC and an 8-pin 
Mini-DIP. 
Its 3-wire 
serial interface 
saves additional 
circuit board space which results in low power dissipa- 
tion. When used with microprocessors 
having a serial 
port, 
the 
DAC8043 
minimizes 
the 
digital 
noise 
feedthrough 
from its input to output. The serial port can 
be used as a dedicated 
analog 
bus and kept inactive 
while the DAC8043 is in use. Serial interfacing 
reduces 
the complexity 
of opto or transformer 
isolation applica- 


tions. 


The DAC8043 
contains 
a 12-bit serial-in, 
parallel-out 
shift register, 
a 12-bit DAC register, 
a l2-bit 
CMOS 
DAC, 
and 
control 
logic. 
Serial 
input 
(SRI) 
data 
is 


clocked into the input register on the rising edge of the 
clock (CLK) pulse. When the new data word had been 
clocked in, it is loaded into the DAC register by taking 
the LD input low. Data in the DAC register is converted 


to an output 
current 
by the DJA converter. 


APPLICATIONS 


• 
AUTOMATIC 
CALIBRATION 


• 
MOTION 
CONTROL 


• 
MICROPROCESSOR 
CONTROL 
SYSTEMS 


• 
PROGRAMMABLE 
AMPLIFIER! 


ATTENUATORS 


• 
DIGITALLY 
CONTROLLED 
FILTERS 


The DAC8043 
operates 
from 
a single 
+5V 
power 
supply which makes the DAC8043 an ideal low power, 
small size, high performance 
solution for several appli- 
cations. 


5 
12-Bit 
lD 
DAC Register 


8 
Voo 


4 
GND 
ClK 
12-Bit Input 
7 
SRI 
Shift Register 
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DAC8043P, 
U 
DAC8043PC, 
UC 


PARAMETER 
YMBOl 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


STATIC PERFORMANCE 
Resolution 
N 
12 
12 
Bits 
Nonlinearity(') 
INL 
±1 
±112 
LSB 
Differential Nonlinearity(2) 
DNL 
±1 
±112 
LSB 


Gain Error(3) 
FSE 
T,,::c +25°C 
±2 
±1 
LSB 
T.: 
Full Temp Range 
±2 
±2 
LSB 


Gain Tempco(Sl 
TCFSE 
±5 
±5 
ppml"C 
Power Supply Rejection 
Ratio 
PSRR 
.1VOD:: 
±5% 
±0.0006 
±0.002 
±0.0006 
±0.002 
%/% 
Output 
Leakage 
Current(") 
ILKG 
TII '" +25°C 
±5 
±5 
nA 


T,,;;: Full Temp Range 
±100 
±25 
nA 
Zero Scale Error<'· 12) 
Izse 
T. = +25°C 
0.03 
0.03 
LSB 
T•• 
Full Temp Range 
0.60 
0.15 
LSB 


Input Resistance(ll) 
R,. 
7 
11 
15 
7 
11 
15 
k!l 


AC PERFORMANCE 
Output Current Settling TimefS•6) 
ts 
T,,::c +25°C 
0.25 
1 
0.25 
1 
}1s 


Digital-la-Analog 
Glitch 
VREF 
"" OV 
2 
20 
2 
20 
nVs 


EnergylS,10j 
Q 
lour = Load = lOon 
Cm = 13pF 
DAC Register Loaded Alternately with all Os and all 15 


Feedthrough 
ErrortS.11) 
FT 
I V.,,=20Vp-patf= 
10kHz I 
0.7 
1 
0.7 
1 
mVp-p 


(V"" 
to lour) 
Digital Input = 0000 0000 0000 
I 


TA::c +25°C 
I 
Total Harmonic 
Distortion(5) 
THO 
VREf = 6VRUSat 1kHz 
-85 
-85 
dB 
DAC Register Loaded with all 15 
nV/,JHz 
Output Noise Voltage Density(s.13) 
e. 
10Hz to 100kHz 
17 
17 
Between RF8 and 
lOUT 


DIGITAL 
INPUTS 
Digital Input High 
V~ 
2.4 
2.4 
V 


Digital Input Low 
V. 
0.8 
0.8 
V 
Input Leakage Currentt'l 
I. 
V1N = OV to +SV 
±1 
±1 
}lA 


Input Capacitance(S.l1) 
C~ 
V~: 
OV 
8 
8 
pF 


ANALOG 
OUTPUTS 


Output CapacitancelSI 
Co", 
Digital Inputs:::: V1H 
110 
110 
pF 
Digital Inputs:::: V1l 
80 
80 
pF 


TIMING CHARACTERISTICS"· 
'" 
Data Setup Time 
!os 
T" 
IZ Full Temperature 
Range 
40 
40 
ns 


Data Hold Time 
to.. 
T" '" Full Temperature 
Range 
80 
80 
ns 
Clock Pulse Width High 
lcH 
T" '" Full Temperature 
Range 
90 
90 
ns 
Clock Pulse Width Low 
Ie.. 
T" "" Full Temperature 
Range 
120 
120 
ns 


Load Pulse Width 
leD 
T" "" Full Temperature 
Range 
120 
120 
ns 


LSB Clock into Input Register 
to Load DAC Register Time 
tASS 
T" '" Full Temperature 
Range 
0 
0 
ns 


POWER SUPPLY 
Supply Voltage 
Voo 
4.75 
5 
5.25 
4.75 
5 
5.25 
V 
Supply Current 
100 
Digital Inputs ::::Vii or Vtt. 
500 
500 
}lA 


Digital Inputs", 
OV or Voo 
100 
100 
}1A 


NOTES: (1) ±112 LSB = ±0.012% of Full Scale. (2) All grades are monotonic to 12-bits over temperature. 
(3) Using internal feedback resistor. (4) Applies to lour; All 


digital inputs = OV. (5) Guaranteed 
by design and not tested. (6) lour Load: 
lOOn, 
Cm • 13pF, digital input = OV to Von or VDD to OV. Extrapolated 
to 1/2 LSB: 


ts '" propagation 
delay (tpo) + 9't where 't '" measured time constant of the final RC decay. (7) VAEF:::+10V, all digital inputs", 
OV. (8) Absolute temperature 
coefficient 
is less than ±50ppmI"C. 
(9) Digital inputs are CMOS gates: 1,. is typically 
1nA at +25°C. (10) V." 
= OV, all digital inputs. 
OV to Von or VDD to OV. (11) All digital 


inputs", 
OV. (12) Calculated from worst case RAEF:IZSE(in LSBs)::It (RREFX IIJ(.G X 4096)NAEF. (13) Calculations 
from en '" ...J4K TRB where: K '" Boltzmann constant, 


JfOK, 
R ::::resistance, 
Q. T '" Resistor temperature, 
OK, B '" bandwidth, 
Hz. (14) 
Tested at VlH '" OV or Voo- 


The information provided herein is believed to be reliable; however. BURR-BROWN 
assumes no responsibility for inaccuracies: oromi&&ion&. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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Voo to GND 
OV, +7V 
VAEF to GND . 
. 
±25V 
VAFS to GND . 
. 
±25V 


Digital Input Voltage Range 
-o.3V 
to Voo 


Oulput Voltage (Pin 3) . 
. 
-0.3 V to Voo 
Operating 
Temperature 
Range 
AD . 
. 
O°C to +70°C 
P, PC, U, UC 
-40°C to +85°C 


Junction Temperature 
. 
+150°C 
Storage Temperature 
~5°C 
to + 150°C 
Lead Temperature 
(soldering, 
10s) 
+3000 
C 
8J,,(1) 


U Package 
. 
+100°CIW 
P Package 
+96°CIW 


°JC 


U Package 
+42°CIW 
P Package 
.. 
. 
+37°C/VII 


NOTE: (1) 8JA is specified for worst case mounting conditions, i.e., 8JA is 
specified for device in socket for POIP packages. 


CAUTION: 
1. Do not apply voltages higher than Voo or less than GND potential 
on any terminal 
except VREF 
(Pin 1) and RFB(Pin 2). 2. The digital control inputs 
are ESD protected: 
however, 
permanent 
damage 
may occur on unprotected 
units from high-energy 
electrostatic 
fields. Keep units in conductive 
foam at all 
times 
until ready 
to use. 3. Use 
proper 
anti-static 
handling 
procedures. 
4. 


Absolute Maximum Ratings apply to both packaged devices and DICE. Stresses 
above 
those listed under Absolute 
Maximum 
Ratings may cause 
permanent 


damage 
to the device. 


MODEL 
INL 
TEMPERATURE 
RANGE 
PACKAGE 


DAC8043P 
1LSB 
-40°C to +85°C 
8-pin Plastic 01P 
DAC8043PC 
1/2LSB 
-40°C 
to +85°C 
8-pin Plastic 01P 
DAC8043U 
1LSB 
-40°C 
to +85°C 
8-pin SOIC 
DAC8043UC 
1/2LSB 
-40°C to +85°C 
8-pin SOIC 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


DAC8043P 
8-Pin PDIP 
006 
DAC8043PC 
8-Pin PDIP 
006 
DAC8043U 
8-Pin SOIC 
182 
DAC8043UC 
8-Pin SOIC 
182 


A 
ELECTROSTATIC 


J.l!J& DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision 
integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 


published 
specifications_ 


Digital lnputs.- All digital inputs of the DAC8043 
incorpo- 
rate on-chip 
ESD protection 
circuitry. 
This protection 
is 


designed 
and has 
been 
tested 
to withstand 
five 
2500V 
positive and negative discharges (I OOpFin series with 15(00) 
applied to each digital input. 


Analog 
Pins: 
Each 
analog 
pin has been 
tested 
to Burr- 


Brown's 
analog ESD test consisting 
of five lOOOVpositive 
and negative 
discharges 
(lOOpF in series with 15000) 
ap- 
plied to each pin. V REF and RFs show some sensitivity. 


Bill 
MSB(ll 
X~Bit~2 
C:J~Bit11~X 
SRI~ 
x~_ 


Load Serial Data -----.-1. 
tAse• 
I 


Into Input Register 


t:==:J 


Load Input Reoister's 


Data Into DAC Register 
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WAFER TEST LIMITS 


At Voo 
=< +SV; VREF 
"" +10V; lOUT= GND :: OV; TA = +25°C. 


PAD 
FUNCTION 


1 
Voo 


2 
VAEF 


3 
RFa 
4 
lOUT 


5 
AGND 
6 
DGND 


7 
[[j 


8 
SRI 
9 
ClK 


MilS 
(0.001") 
MilLIMETERS 


Die Size 
70x 110 ±5 
1.78x2.79±0.13 


Die Thickness 
14±3 
0.35 ±3 


Min. Pad Size 
4x4 
0.1 x 0.1 


Metallization 
Aluminum 
Backing 
Chrome Silver 


DAC8043 
PARAMETER 
SYMBOL 
CONDITIONS 
liMIT 
UNITS 


STATIC ACCURACY 
Resolution 
N 
12 
Bits min 
Integral Nonlinearity 
INl 
±1 
LSB max 


Differential 
Nonlinearity 
DNl 
±1 
lSB 
max 


Gain Error 
GFSE 
Using Internal Feedback Resistor 
±2 
lSB 
max 


Power Supply Rejection Ratio 
PSRR 
dVaD::::: ±5% 
±0.002 
%/% max 
Oulput leakage 
Current (lour) 
ILKG 
Dig tal Inputs 
:=: VIL 
±5 
nA max 


REFERENCE 
INPUT 
Input Resistance 
R'N 
7/15 
kO minimax 


DIGITAL 
INPUTS 
Digital Input HIGH 
V,H 
2.4 
V min 
Digital Input lOW 
VIL 
0.8 
Vmax 
Input Leakage Current 
III 
VIN 
:::: OV to Voa 
±1 
~max 


POWER SUPPLY 
Supply Current 
100 
Digital Inputs = V1H or VIL 
500 
~max 


Digital Inputs = OV to Voa 
100 
~max 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES 


0.5 


0.25 


m 
~ 
0 
-'~ 


-1).25 
I 


I 


GAIN vs FREQUENCY 


-20 


-40 
m~ 
" 
~O 
.n; 
C) 


~O 


-100 


10k 
lOOk 
1M 


Frequency (Hz) 


('I) 
lIlI:t 
0 
CO0«c 


10M-- 
en 
a:: 
wI- 
a:: 
W>Z00 
" 
0 
-oJ« 
Z« 
I 


10000 
0 
l- 


I 
-oJ 


~" 
i3 


1.6 


1.4 


1.2 


1.0 
;;( 
.s- 
0.8 
Jl 
0.6 


0.4 


0.2 


Voo = +SV 


I 
I 


_-----0.11 
~ 
A 


, 
_ 
TA = +25°C 


VREF=+1DV 


- 


"""- 
••••••••• 
•... 
•... 
J"'\oL 
• 


~ "' 
.... ....•• 


I 
I 


m~ 
o 
~o 
:I: 
>- 


m 


~ 
0.25 
ew 


"".:ii -1).25 
:g 
::J 
4).5 


1024 
2048 
3072 


Digital Input Code (Decimal) 


0.5 


0.25 


m 
(/)~ 
0 
-'z0 


-1).25 
--t-- 


I 
-1).5 


2 
4 
6 
8 
10 


VAEF 
(V) 
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RELATIVE 
ACCURACY 


This term, also known 
as end point 
linearity 
or integral 


linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 


DIFFERENTIAL 
NONLINEARITY 


Differential nonlinearity 
is the deviation from an ideal ILSB 


change in the output when the input code changes by ILSB. 
A differential 
nonlinearity 
specification 
of ILSB maximum 


guarantees 
monotonicity. 


GAIN ERROR 


Gain error is the difference 
between 
the full-scale 
DAC 
output and the ideal value. The ideal full scale output value 
for the DAC8043 
is -(4095/4096)VREF. 
Gain error may be 
adjusted to zero using external trims as shown in Figure 4. 


OUTPUT 
LEAKAGE 
CURRENT 


The current which appears at lOUT with the DAC loaded with 
all zeros. 


OUTPUT 
CAPACITANCE 


The parasitic capacitance 
measured 
from loUT 
to GND. 


FEEDTHROUGH 
ERROR 


The AC output error due to capacitive coupling from VREF to 


lOUT with the DAC loaded with all zeros. 


OUTPUT 
CURRENT 
SETTLING 
TIME 


The time required for the output current to settle to within 
±O.OI% of final value for a full scale step. 


DIGITAL-TO-ANALOG 
GLITCH 
ENERGY 


The integrated area of the glitch pulse measured in nanovolt- 
seconds. 
The key contributor 
to digital-to-analog 
glitch is 
charge injected by digital logic switching transients. 


Figure I shows a simplified 
schematic 
of a DAC8043. 
The 
current from the VREF pin is switched between 
loUT and GND 


by 12 single-pole double-throw 
CMOS switches. This main- 


or DC, positive or negative polarity, and have a voltage range 
upto±20V. 


A CMOS switch transistor, included in series with the ladder 
terminating 
resistor and in series with the feedback resistor, 


RFB, compensates 
for the temperature 
drift of the ON resis- 


tance of the ladder switches. 


Figure 2 shows an equivalent circuit for the DAe. COUT is the 
output capacitance 
due to the N-channel 
switches and varies 
from about 80pF to II OpF with digital input code. The current 
source 
lLKG is the combination 
of surface and junction 
leak- 


ages to the substrate. 
lLKG approximately 
doubles every woe. 


Ro is the equivalent output resistance of the D/A and it varies 
with input code. 


A 


AF• 


lOUT 


COUT 


GND 


INSTAllATION 


ESD PROTECTION 


All digital inputs of the DAC8043 
incorporate 
on-chip ESD 


protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, 
lOOpF and 15000). 


However, industry standard ESD protection methods should 
be used when handling or storing these components. 
When 
not in use, devices should be stored in conductive 
foam or 


rails. The foam or rails should be discharged 
to the destina- 
tion socket potential before devices are removed. 


POWER SUPPLY 
CONNECTIONS 


The DAC8043 
is designed to operate on VDD= +5V ±5%. 
For optimum performance 
and noise rejection, power supply 


decoupling 
capacitors 
CD should be added as shown in the 
application 
circuits. These capacitors 
(l~ 
tantalum recom- 


mended) should be located close to the D/A. Output op amp 
analog common (+ input) should be connected as near to the 
GND pins of the DAC8043 
as possible. 


WIRING 
PRECAUTIONS 


To minimize 
AC feedthrough 
when designing 
a PC board, 


care should be taken to minimize 
capacitive 
coupling 
be- 


tween the VREF lines and the lOUT lines. Coupling from any 
of the digital control or data lines might degrade the glitch 
performance. 
Solder the DAC8043 directly into the PC board 
without a socket. Sockets add parasitic capacitance 
(which 
can degrade AC performance). 
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The output amplifier 
used with the DAC8043 
should have 
low input offset voltage 
to preserve 
the transfer 
function 
linearity. 
The voltage output of the amplifier 
has an error 
component 
which is the offset voltage of the op amp multi- 
plied by the "noise gain" of the circuit. This "noise gain" is 
equal to (RF/Ro + I) where Ro is the output impedance of the 
D/A lOUT terminal 
and RF is the feedback 
network 
imped- 
ance. The nonlinearity 
occurs due to the output impedance 
varying 
with code. If the 0 code case is excluded 
(where 
Ro = infinity), the Ro will vary from R to 3R providing 
a 
"noise gain" variation 
between 
4/3 and 2. In addition, 
the 
variation of Ro is nonlinear with code, and the largest steps 
in Ro occur 
at major 
code 
transitions 
where 
the worst 
differential 
nonlinearity 
is also likely to be experienced. 
The 
nonlinearity 
seen at the amplifier output is 


2Vos - 4Vos/3 = 2Vos/3. 


Thus, to maintain good nonlinearity the op amp offset should 
be much less than I/2LSB. 


UNIPOLAR 
CONFIGURATION 


Figure 3 shows DAC8043 
in a typical unipolar (two-quad- 
rant) multiplying 
configuration. 
The analog output values 


DATA INPUT 
ANALOG 
OUTPUT 


MSB .I 
.I LSB 


111111111111 
-VREF 
(4095/4096) 
1000 0000 0000 
-VREF 
(2048/4096) 
: -1/2VREF 


000000000001 
-v 
REF (1/4096) 
0000 0000 0000 
o Volts 


c 
+ 
a 
l~F I 


dHI1Jl111Cl~ u~cu HI UB;:) \,...l1l..Ull ••..(1J1 UC Mll~lC (tlIlVlI11C.1~ ~Ul,.;ll(1~ 
the OPA602, or a dual amplifier such as the OPA2107. 
CI 
provides phase compensation 
to minimize settling time and 


overshoot 
when using a high speed operational 
amplifier. 


If an application requires the D/A to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistor R2 induces 
a positive gain error greater than worst-case 
initial negative 


gain error. Trim resistor R I provides a variable negative gain 
error and have sufficient trim range to correct for the worst- 
case initial positive gain error plus the error produced by R2. 


Figure 
5 shows the DAC8043 
in a typical 
bipolar 
(four- 
quadrant) multiplying 
configuration. 
The analog output Val-. 
ues versus digital input code are listed in Table II. 


The operational 
amplifiers 
used in this circuit can be single 


amplifiers 
such as the OPA602 or a dual amplifier such as 


the OPA21 07. C 1 provides phase compensation 
to minimize 
settling time and overshoot when using a high speed opera- 
tional amplifier. 
The bipolar offset resistors Rl-R2 
should 


be ratio-matched 
to 0.0 I% to ensure the specified gain error 


performance. 


DATA INPUT 
ANALOG 
OUTPUT 


MSB .I 
aSB 
111111111111 
+VA" (2047/2048) 


1000 0000 0001 
+VA" (1/2048) 


1000 0000 0000 
o Volts 


011111111111 
-VA" 
(1/2048) 


0000 0000 0000 
-VR" 
(204812048) 


FIGURE 
5. Bipolar Configuration. 
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BURR - BROWN® 
IElElI 
DSP201 
DSP202 


DSP-Compatible 
Single/Dual 
DIGITAL-TO-ANALOG 
CONVERTERS 


• 
ZERO-CHIP 
INTERFACE 
TO DSP ICs: 
AD, AT&T, MOTOROLA, 
TI 


• 
SINGLE 
CHANNEL: 
DSP201 


• 
DUAL CHANNEL: 
DSP202 
Two Serial Inputs or Cascade 
from Single 
32-Bit Word 


• 
UPDATE 
RATE TO 500kHz 


• 
DYNAMIC 
SPECIFICATIONS: 
Signal/(Noise 
+ Distortion) = 90dB; 


THD = -92dB 


• 
USER SELECTABLE 
16-BIT OR 18-BIT 
DATA WORDS 


The DSP201 and DSP202 are high performance 
digi- 


tal-to-analog 
converters designed for simplicity of use 
with modem 
digital signal processing 
ICs. Both are 
complete with all interface 
logic for use directly with 
DSP ICs, and provide analog output voltages updated 
at up to 500kHz. 


The DSP201 
offers a single complete 
voltage output 
channel, 
accepting 
either 
16 bits or 18 bits of input 


data, and can be driven 
by 16-bit, 24-bit, 
or 32-bit 
serial ports. The DSP202 offers two complete voltage 
output channels, 
with either two separate input ports, 


or a mode to drive both output channels from a single 
32-bit word. 


Both the DSP201 and DSP202 are packaged 
in stan- 


dard, low-cost 
28-pin plastic DIP packages. 
Each is 


offered in two performance 
grades to match applica- 
tion requirements. 


Analog Voltage 
Oulput 
Channel A 


Analog Voltage 
Output 
Channel B 


BURR-BROWN. 
1E3E31 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


DSP201JP 
DSP201KP 
DSP202JP 
DSP202KP 
N 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
0 


RESOLUTION 
18 
Bits 
~ 


DYNAMIC 
RANGE 
108 
dB 
0r-o 
ANALOG 
OUTPUT 
N 


Voltage Range 
RL = 37Sn 
±3 
V 
Q. 


Impedance 
0.1 
n 
en 


Current 
RL = 37Sn 
±8 
mA 
C 
Slew Rate 
RL = 1.5kn, CL = 100pF 
15 
VIlIS 


Settling Time to 0.006% 
RL = l.Skn, 
CL = 100pF 
2.5 
lIS 


for Full-Scale Step 


THROUGHPUT 
SPEED 
(t) 


Update Rate 
CASC = LOW on DSP202 
500 
kHz 


DSP202 in Cascade 
Mode 
CASC = HIGH 
300 
kHz 


AC ACCURACY 
(2, 3) 
en 


Signal to (Noise + Distortion) 
Ratio 
fOUT = 1kHz 
82 
86 
88 
90 
dB(') 
a: 


fOUT 
= 1kHz (--60dB) 
30 
32 
dB 
W 
fOUT 
= 10kHz 
80 
86 
86 
90 
dB 
•••• 
Total Harmonic 
Distortion 
fOUT = 1kHz 
-90 
--65 
-92 
--68 
dB 
a: 
Channel Separation 
fOUT = 1kHz 
to 
100kHz 
105 
dB 
W 
on DSP202 
> 
DC ACCURACY 
Z 
Integral Nonlinearity 
Error 
±0.006 
±0.004 
% 
0 
Differential 
Nonlinearity 
Error 
±0.006 
±0.004 
% 


Bipolar Zero Error (5) 
±10 
mV 
0 
Bipolar Zero Error Drift 
20 
ppm FSRrC 


e" 
Bipolar Zero Mismatch 
(5) 
DSP202 Channels 
5 
mV 
Gain Error 
1 
3 
% 
0 
Gain Error Drift 
100 
ppmf'C 
..J 


Gain Error Mismatch 
DSP202 Channels 
1 
3 
% 
« 
Digital Feedthrough 
ENABLE 
= HIGH 
-105 
dB 


Power Supply Sensitivity 
-5.1 < VA-, 
Vo- < --4.9 
--60 
dB 
Z 


+4.9 <VA+' Vo+ < +5.1 
--60 
dB 
« 
DIGITAL 
INPUTS 
I 


Format 
Serial; MSB first; 16/18-bit and Cascaded 
0 


Coding 
Binary Twos Complement 
•••• 
Logic Levels 
I 


Vil 
III = ±101lft. 
0 
+0.8 
V 
..J 


V,H 
IIH = ±10~A 
+2.4 
+5 
V 
~ 
Data Transfer Clock 


Frequency 
12 
MHz 


e" 
Duty Cycle 
40 
50 
60 
% 


DIGITAL 
OUTPUTS 
is 


VOl 
IOL = 4mA 
0 
+0.4 
V 


VOH 
IOH= 4mA 
+2.4 
+5 
V 


POWER SUPPLIES 
Rated Voltage 
VA+ 
+4.75 
+5 
+5.25 
V 
VA- 
-5.25 
-5 
--4.75 
V 
Vo+ 
+4.75 
+5 
+5.25 
V 
Vo- 
-5.25 
-5 
--4.75 
V 


Current 
IA+ 
18 
mA 
IA- 
17 
mA 
10+ 
13 
mA 
'0- 
25 
mA 


Power Consumption 
365 
450 
mW 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
·C 


Storage 
--40 
+125 
·C 


NOTES: (1) The data transfer clock must be at least 24 times the update rate for the standard mode, and 40 times the update rate in the DSP202 Cascade Mode. 
(2) All dynamic specifications 
are based on 2048-pomt FFTs. (3) Data for the 1kHz test is bandlimited to 0 to 20kHz. Data for the 10kHz test is bandlimited 
to 0 to 


40kHz. (4) All specifications 
in dB are referred to a full·scale output, ±3Vp-p. 
(5) Adjustable 
to zero with external potentiometer. 
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~ 
0.015 
ew 
'0 
~ 
0.010 
~ 
~ 
~ 


100 
CD 
~ 
90 


.21ii 80 
II: 


<= 
70 
.2 
CDa 
60 


~~ 
50 
:I: + 
I- 3l 
40 


·0 
~ 
30 


~ 
20 
~ 
C> 
Ui 


f OUT = 1kHz, OdS 


I 
-- 
f OUT = 1kHz, -20dS - 


f OUT = 1kH~, -60dS - 


CD~ 
85 
-65 
II: 
0u. 
(/) 
11 
90 
-90 
'"II: 
Z 
(/) 
0 
95 
-95 
..zen 
10 
o 
-50 


-50 


CD 
-60 
~ 


<=.2 
1: 
* 


-70 
0 
.\1 
<=0 
-60 
E 
'":I: 
"§ 
-90 


t'= 


" 
I 
fOUT 
= OdB 
Output 
not band-limited. 


I 


J 
/ 


I 


, " 


I 


tOUT 
= OdS 


II 


Output not band-limited. 


I 
III 
II 
-'- 


- 


I 
I 
I 


20 


Output Frequency (kHz) 


4 
40 


Output Update Rate (kHz) 


10 
0.3 ~ 
g> 
'"II: 
> 
5 
0.2 " 
.s 
~ 
g 
"3 
w 
u. 


e 
0 
0.1 > 


'" 
'" 
N 
'0 
:;; 
~ 
8- 
a; 
-5 
g 
w 


<= 
.iij 


-10 
-{).1 Cl 


-50 
-25 
25 
50 
75 
100 


Ambient 
Temperature 
(OC) 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information. 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifIcations 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 


any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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0.1 
~ 
'"c:.. 
0:~.." 
rJ) 


"3 
u. 


0.01 
> 
'""0 
~~~ 
~ 
0.001 


R,E 
1.5k 


C, = 100pF 
\ 
\ 


+Full Scale to 


Full Scale Transition 


'\. 


f- -Full Scale to 
~ 
I 


+Full Scale Transition 


-35 


CD~ -45 
c: 
0i 
0: 
-55 
" 
C. 
0. 
a' 
>- 
C. 
~5 
g. 


rJ) 


I 
! 
IV 


I 
.1 
y' 


/ 
_/ ".c. 


VA + '" Vo+ 
V 


I I 


, 


VA ~= vo~ 
V 


II 


10 


Supply Ripple Frequency (kHz) 


CD~ 
-90 


toUT 1 ~fOUT2 
= OdS 


f OUT 
1 = 9.5kHz 


fOUT2 
"" 11.5kHz 


c:o 
.€ 
~ 
is 
l5~ 
"3 
"8 
E 
-100 
~ 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


DSP201JP 
28-Pin Plastic DIP 
215 


DSP201KP 
28-Pin Plastic DIP 
215 
DSP202JP 
28-Pin Plastic DIP 
215 


DSP202KP 
28-Pin Plastic DIP 
215 


NUMBER 
SIGNAL-TO- 
OF 
(NOISE + DIST_) 


MODEL 
CHANNELS 
RATIO, dB min 


DSP201JP 
1 
82 


DSP201KP 
1 
88 


DSP202JP 
2 
82 
DSP202KP 
2 
88 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


The DSP201 and DSP202 are ESD (electrostatic 
discharge) 
sensitive devices, and normal standard precautions 
should be 


taken. Permanent damage may occur on unconnected devices 
subject to high energy electrostatic 
fields. 
When not in use, 


devices must be stored in conductive 
foam or shunts. 
The 


protective foam should be discharged to the destination socket 
before devices are removed. 


V/4.+ to Analog Common 
. 
+7V 


V14.- to Analog Common 
-7V 


Vo+ to Digital Common 
." 
+7V 


Vo- to Digital Common.. 
. 
-7V 


Analog Common to Digital Common 
±1V 
Control Inputs to Digital Common 
.. 
-0.5 
to Vo + O.5V 


Maximum Junction Temperature. 
. 
1500C 


Internal Power Dissipation.. 
. 
825mW 


Lead Temperature 
(soldering, 
105) 
+3000C 


Thermal Resistance, 
8JA: Plastic DIP.. 
. 
500CIW 
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For Immediate Assistance, Contact Your Local Salesperson 


DSP201 
PIN ASSIGNMENTS 
DSP201 
PIN CONFIGURATION 


vA- 
28 
AGND 


DGND 


VA+ 


AGND 
VPOT 


MSB 


Vo+ 
vas 


Vo+ 


DSP201 
AGND 


RESET 
VOUT 


SSF 
Vo- 


SWL 
DGND 


SYNC 
DGND 


XCLK 
ENABLE 


SIN 
DGND 


14 
15 
CONY 


PIN. 
NAME 
DESCRIPTION 


1 
VA- 
-5V Analog Power. 


2 
No Internal Connection. 


3 
No Internal Connection. 


4 
AGND 
Analog 
Ground. 


5 
No Internal Connection. 


6 
Vo+ 
+SV Digital Power. 


7 
Vo+ 
+SV Digital Power. 


8 
RESET 
Reset. If LOW, DAC output will be OV after two 
convert commands. 
and will remain there as long 
as the Reset 
input is LOW. If HIGH, 
normal 
operation 
proceeds. 
Two convert commands 
are 


required 
after Reset goes from LOW to HIGH 


before the output will relate to the input word. 


9 
SSF 
Select Sync Format 
In. Tie HIGH 
for use with 


Motorola and TI DSP ICs. Tie LOW for use with 
AT&T DSP ICs. 


10 
SWL 
Select Word Length In. If HIGH, DSP201 accepts 
first 16 bits of data. If LOW, DSP201 accepts first 
18 bits of data. 


11 
SYNC 
Data Synchronization 
Output. Active HIGH 
when 
SSF is HIGH, active LOW when SSF is LOW. 


12 
XCLK 
Data Transfer 
Clock Input. 


13 
SIN 
Serial Data 
In. MSB first, Binary Two's Comple- 
ment format. 


14 
No Internal Connection. 


15 
CONY 
Convert 
Command 
In. DAC is updated 
on falling 
edge, 
and initiates clocking new data in. 


16 
DGND 
Digital Ground. 


17 
ENABLE 
Latch Enable In. If LOW, DAC output will be 
latched with new data word on falling edge of 
Convert 
Command. 
If HIGH, 
Convert 
Commands 
will be ignored. 


18 
DGND 
Digital Ground. 


19 
DGND 
Digital Ground. 


20 
Vo- 
-5V 
Digital Power. 


21 
VOUT 
Voltage Out. 
22 
AGND 
Analog Ground. 


23 
vas 
vas Adjust In. 
24 
MSB 
MSB Adjust In. 


25 
VPOT 
Trim Reference 
Out for MSB adjustment. 
26 
VA+ 
+SV Analog 
Power. 


27 
DGND 
Digital Ground. 


28 
AGND 
Analog Ground. 
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DSP202 
PIN ASSIGNMENTS 
DSP202 
PIN CONFIGURATION 


V.- 
28 
AGND 


MSBB 
DGND 


VOSB 
VA+ 


AGNDB 
VPOT 


VOUTB 
MSBA 


Vo+ 
VOSA 


Vo+ 
05P202 
AGNDA 


RESET 
VOUTA 


SSF 
Vo- 


SWL 
DGND 


SYNC 
DGND 


XCLK 
ENABLE 


SINA 
CASC 


SINB 
14 
15 
CON V 


PIN * 
NAME 


1 
VA- 


2 
MSBB 
3 
VOSB 


4 
AGNDB 
5 
VOUTB 
6 
Vo+ 
7 
Vo+ 


8 
RESET 


SSF 


10 
SWL 


11 
SYNC 


12 
XCLK 


13 
SINA 


14 
SINB 


15 
CONV 


16 
CASC 


17 
ENABLE 


18 
DGND 
19 
DGND 
20 
Vo- 
21 
VOUTA 
22 
AGNDA 
23 
VOSA 
24 
MSBA 
25 
VPOT 
26 
VA+ 
27 
DGND 
28 
AGND 
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-5V Analog Power. 
Channel B MSB Adjust In. 
Channel B VOS Adjust In. 
Channel 
8 Analog 
Ground. 


Channel B Voltage Out. 
+SV Digital Power. 
+SV Digital Power. 


Reset. If LOW, DAC output will be OV after two 
Convert 
Commands, 
and will remain 
there as long 
as the Reset input is LOW. 
If HIGH, 
normal 
operation 
proceeds. 
Two Convert 
Commands 
are 
required after Reset goes from LOW to HIGH 
before the output will relate to the input word. 


Select 
Sync Format 
In. Tie HIGH 
for use with 
Motorola and TI DSP ICs. TIe LOW for use with 
AT&T DSP ICs. 


Select Word Length In. If HIGH, DSP202 accepts 
first 16 bits of data. If LOW, DSP202 accepts first 
18 bits of data. Must be HIGH if CASC is HIGH. 


Data Synchronization 
Output. 
Active HIGH 
when 
SSF is HIGH, active LOW when SSF is LOW. 


Data Transfer 
Clock Input. 


Channel 
A Serial 
Data 
In. MSB first, Binary Two's 
Complement 
format. 
In Cascade 
Mode, 
connect 
to 
SINB and to DSP IC output. 


Channel 
B Serial 
Data 
In. MSB 
first, Binary Two's 
Complement 
format. 
In Cascade 
Mode, 
connect 
to 
SINA and to DSP IC output. 


Convert 
Command 
In. DAC is updated 
on falling 
edge, 
and initiates clocking 
new data in. 


Select Cascade Mode In. It HIGH, DSP202 
accepts 
a 32-bit word, and uses the first 16 bits to 
update channel 
A, and the second 
16 bits to 
update channel 
B. In Cascade 
Mode, 
SINA 
and 
SINB are connected 
together. 
If CASC is LOW, 


data is strobed 
into both channels 
on each clock 
cycle. 


Latch Enable In. If LOW, DAC output will be 
latched 
with new data word on falling edge of 
Convert 
Command. 
If HIGH, 
Convert 
Commands 
will be ignored. 


Digital Ground. 
Digital Ground. 
-5V 
Digital Power. 


Channel 
A Voltage 
Out. 


Channel 
A Analog 
Ground. 


Channel A VOS Adjust In. 
Channel A MSB Adjust In. 
Trim Reference 
Out for MSB 
adjustments. 


+SV Analog 
Power. 


Digital Ground. 
Analog 
Ground. 


lU-a"alUg 
conveners 
WIlli complete logic interface circuitry 
for ease of use with standard digital signal processing 
ICs. 
Data words are transmitted 
from the DSP IC on its serial 


port, 
leaving 
the DSP 
IC parallel 
ports 
free 
for digital 


communication. 


The DSP201 and DSP202 are pipelined internally. When the 
user gives a convert 
command 
at time t, two actions 
are 
initiated. First, the data stored in the internal shift registers 
following the previous convert command (at t - I) is used to 
update the output D/A converters 
immediately. 
Second, the 
DSP201 or DSP202 transmits a synchronization 
pulse to the 
DSP IC and starts clocking 
new data into the shift register 


using the system Bit Clock. This data is then used to update 
the D/As when the t + I convert command 
is received. 


Both the DSP201 
and DSP202 
are 18-bit D/As internally. 
On-chip logic can be programmed 
to use 18-bits of data to 
update the D/A outputs, or can be programmed 
to update the 
D/A based on 16-bit data words. Additionally, 
the logic in 
the DSP202 
can accept 
a 32-bit data word (the Cascade 
Mode), and update both D/A channels simultaneously 
with 


16 bits each. All of these modes can be hard-wired 
or logic- 


controlled 
externally, 
so that no extra overhead on the part 
of the DSP IC is required. 


In the 16-bit modes, the DSP201 and DSP202 will append 
zeros to the 16-bits transferred 
to each of the internal D/As, 


which 
are full 
18-bit converters. 
The 
18-bit word-length 


mode can be used with DSP ICs programmed 
for either 24- 
bit or 32-bit output 
words, 
in which case the DSP201 
or 
DSP202 
will clock 
in the first 
18-bits of data after the 
synchronization 
pulse, and ignore additional information 
on 


the serial line. When programmed 
to accept 
16-bit words, 


the DSP201 
and DSP202 
can be used with DSP ICs pro- 


grammed to output 16-,24-, or 32-bit words, and will ignore 
additional information after the first 16 bits on the serial line. 


The DSP201 and DSP202 are complete voltage output D/A 
converters, 
with on-chip references 
and output amplifiers to 
drive ±3V into 375Q 
loads. State-of-the-art 
bipolar 
tech- 
nologies are used in the D/A section to maximize the output 
update 
rate, 
to maximize 
dynamic 
performance, 
and to 
eliminate glitch problems. Advanced plastic packaging meth- 
ods makes this performance 
attainable 
economically. 


The DSP20 I and DSP202 accept serial data, MSB first, in 
standard Binary Two's 
Complement 
format. The length of 
the data words can be selected 
as shown below, 
and the 
DI A output level generated by a specific input code is shown 
in Table I. 


As with all standard D/As, the output ranges from negative 
full scale (-3V) to I LSB below positive full scale (+3V - 
ILSB). The bipolar output amplifiers 
are designed to drive 
375Q loads at full speed and accuracy. 


UPDATING 
THE OUTPUT 


With ENABLE (pin 17) LOW, the falling edge of a Convert 
Command 
arriving 
on CONY 
(pin 
15) will immediately 
update the D/A outputs with the data stored in the internal 
shift registers 
following 
the previous 
Convert 
Command. 


The Convert Command 
can be asynchronous 
to any other 
signals or clocks without reducing 
accuracy, 
although 
sys- 
tem accuracy 
is often enhanced 
by synchronizing 
digital 
signals. 


For a full-scale 
change 
in the input code, the output 
will 
typically 
settle to within ±0.OO6% of its final level within 
2.5~. 
The slew rate of the output amplifier is typically 
15V1 


~, 
for a full power bandwidth 
close to 800kHz. All of the 
specifications 
and typical performance 
curves are achieved 
with a full 400kHz update rate, unless otherwise 
specified. 
The DSP201 
and DSP202 
are guaranteed 
operational 
to a 


full 500kHz update rate, which exceeds 
the maximum 
Bit 
Clock rate for most standard DSP ICs. 


DATA TRANSFER 


Data is transmitted 
serially to the DSP201 or DSP202, 
and 


is clocked into the internal shift registers on the rising edge 
of the external 
Data Transfer 
Clock or Bit Clock (XCLK 
input on pin 12.) This clock can be as fast as 12MHz. The 
Data Transfer Clock can tolerate duty cycles from 40% to 
60%. 


As indicated 
in the timing diagrams 
in Figure 
I, either 
16- 
or 
18-bits 
of data 
will be clocked 
into the DSP201 
or 
DSP202, or 32-bits will be clocked into the DSP202 in the 


INPUT CODE 
OUTPUT VOLTAGE 


16-BIT MODE AND 
HEX 
16-BIT MODE AND 
BINARY 
DSP202 CASCADE 
MODE 
18-BIT MODE 
DSP202 CASCADE 
MODE 
18·BIT MODE 


01" 
..11" 
7FFF 
,FFFF 
+2.999908V 
2.999977V 
0000 ..0000 
0000 
00000 
OV 
OV 
11" 
..111' 
FFFF 
3FFFF 
-92~V 
-23~V 


1000 ..0000 
8000 
20000 
-3.000000V 
-3.000000V 


Theoretical LSB Size 
91.6~V 
22.9~V 
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(MSB) X~--B-il-2--Cy" 
81116 (lSB) 
X 
Bil1 (MSB) 'C =x 
BillS 
(lSB) 'C 


INTERVAL 
DESCRIPTION 
MIN 
MAX 
UNITS 


t, 
XCLK period; Duty Cycle 50% tl0% 
83 
ns 


t, 
Convert Command 
LOW Time 
50 
ns 


t, 
Convert Period (CASC • LOW on DSP202) 
24 
t, 


t, 
Convert Period (CASC = HIGH on DSP202 
40 
t, 


t, 
SYNC Active Delay after Convert Falling Edge) 
t1 +40 
2 t, 
ns 


4; 
SYNC LOW to HIGH Delay from XCLK Rising; CL = 50pF 
15 
ns 


t, 
SYNC HIGH to LOW Delay from XCLK Rising; CL = 50pF 
15 
ns 


t, 
ENABLE Setup before Convert Falling Edgel'l 
50 
ns 


Ig 
ENABLE Hold after Convert Falling Edgelll 
50 
ns 


t, 
RESET Setup before Convert Falling Edge 
50 
ns 


t,. 
SINNB 
Data Setup before XCLK Rising 
20 
ns 


t" 
SINNB 
Data Hold after XCLK Rising 
0 
ns 


NOTES: (1) Normally tied LOW so that previously transmitted data is used to update DAC output on falling edge of 
CONV. ENABLE HIGH prevents the DAC from being updated. (2) RESET must be held LOW for two complete 
Convert Command cycles, and ENABLE must be LOW, (3) Optional data bits. Clocked into DAC register only if SWL 
is LOW. 


Cascade Mode, but internal digital overhead requires addi- 
tional 
Data Transfer 
Clock cycles before 
a new Convert 
Command can be sent. The minimum time between Convert 
Commands 
is 24 times the Data Transfer Clock period for 


either the DSP201 or the DSP202 in standard modes, and 40 
times the Data Transfer clock period for the DSP202 in the 
Cascade Mode. There is no maximum time between Convert 
Commands. 


These additional clock cycles are used to set up the internal 
shift registers 
and logic, and are included 
in the specifica- 
tions for maximum 
update rate. This means a 12MHz Bit 


Clock can achieve 
the maximum 
specified 
update rate of 
500kHz. 


DATA SYNCHRONIZATION 


The DSP20 I and DSP202 have internal logic to generate a 
synchronization 
pulse (SYNC on pin II) to signal the host 


processor to transmit data. The synchronization 
pulse is sent 


when a Convert Command is received, and the SYNC output 
changes on the rising edge of XCLK. Timing is shown in 
Figure 
I. 


The synchronization 
pulse can be programmed 
to be either 
active 
High or active Low, depending 
on the logic level 


input on SSF (Select Sync Format on pin 9.) If SSF is LOW, 
SYNC will be normally 
HIGH, and will transmit 
a LOW 
pulse after a Convert Command is received. If SSF is HIGH, 
SYNC will be normally 
LOW, and will transmit 
a HIGH 
pulse after a Convert 
Command 
is received. 
The SYNC 
pulse will be as wide as one clock cycle on the Data Transfer 
Clock input on XCLK (pin 12.) 


SELECTING 
WORD 
LENGTH 


If the Select Word Length input (SWL, pin 10) is HIGH, the 
DSP20 I or DSP202 will accept 16 bits of data after a Convert 
Command, with the timing shown in Figure I. After these 16 
bits, additional 
data on SIN (DSP201 pin 13) or SINA and 
SINE (DSP202 pins 13 and 14) will be ignored. Transparent 
to the user, the internal shift register will append two zeroes 
to the 16-bit data words before updating the D/As on the next 
Convert Command. 


If SWL is LOW, the DSP201 or DSP202 will clock 18 bits 
of data into the internal shift register after a Convert Com- 
mand, with the timing shown in Figure I. Subsequent 
data 
on SIN (DSP201 pin 13) or SINA and SINB (DSP202 pins 
13 and 14) will be ignored. 


In the 16-bit mode, an increment 
of I LSB will change the 


D/A output 
by approximately 
91.6~V 
(the 6V full scale 
range divided by 216), while an LSB in the 18-bit mode will 
change the output approximately 
22.9~V (6V/218). 


The DSP201 and DSP202 
analog performance 
is tested in 
production 
using the 16-bit mode (with SWL HIGH), and 
the typical performance 
curves were generated using the 16- 
bit mode. Verification 
is made during final test that the 18- 


bit mode functions, but the extra resolution of these last two 
bits is not used when testing the analog performance. 


DSP202 
CASCADE 
MODE 


If CASC on the DSP202 
(pin 16) is HIGH, 
the Cascade 
Mode is implemented. 
In this mode, 
SINA (pin 
13) and 
SINB (pin 14) are strapped 
together 
and connected 
to the 
serial output port of an appropriate 
DSP IC or other data 
word source. A Convert Command 
initiates the transfer of a 
32-bit word to the DSP202. 


In the Cascade Mode, care must be taken to make sure SWL 
(pin 10) is HIGH. 


LATCH ENABLE 


If ENABLE 
(pin 
17) is LOW, 
the D/A outputs 
will be 


latched with new data on the falling edge of the Convert 
Command. 
Taking ENABLE 
HIGH causes the DSP201 or 


DSP202 
to ignore 
Convert 
Commands. 
With 
ENABLE 


HIGH 
when a Convert 
Command 
arrives 
at time t, data 


latched in the internal shift register after the Convert Com- 
mand 
at t - 
I is not latched 
to the D/As, 
but a new 
synchronization 
pulse is still generated 
and the data in the 
shift register 
is overwritten. 
This feature 
allows 
multiple 


DSP20Is 
or DSP202s to share a single DSP IC and still be 
independently 
updated. 


RESET 


Taking RESET (pin 8) LOW will cause the D/As to output 
OV after two Convert 
Commands 
are received. 
The two 
Convert Commands 
clear out the internal shift registers, and 
data input on the serial input lines will be ignored 
while 


RESET is low. This facilitates 
designing 
an analog output 


system that goes into a known, benign state either at power- 
up, after 
fault 
conditions 
or during 
a calibration 
cycle. 


ENABLE (pin 17) must be LOW when resetting the DSP20 I 
or DSP202 outputs to OV. 


After RESET is taken HIGH, two Convert Commands 
are 
required before the output will relate to the input data. Also, 
ENABLE must be LOW forthedata 
to be latched to the D/As. 


The first Convert Command again latches the outputs at OV, 
and the second Convert Command 
drives the output to the 
level determined by the data clocked in after the first Convert 
Command. 


A RESET command after power up is not required for proper 
operation of the DSP20 I or DSP202. 


LAYOUT 
CONSIDERATIONS 


Because 
of the high resolution, 
linearity 
and speed of the 


DSP201 
and 
DSP202, 
system 
design 
problems 
such 
as 
ground path resistance, contact resistance and power supply 
quality become very important. 


GROUNDS 


To achieve the maximum 
performance 
from the DSP201 or 


DSP202, 
care should be taken to minimize 
the effect 
of 
current 
flows in the system grounds 
that may corrupt 
the 
output 
voltages 
generated 
by the 
D/As. 
Pin 22 on the 


DSP20 I and pins 4 and 22 on the DSP202 
are the most 
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critical internal grounds, and care should be taken especially 
at these points to make them as close as possible to the same 
potential 
as the system analog ground. 
The design of the 
DSP20 I and DSP202 
insures 
that these 
pins 
will have 
minimal current flowing through them. 


Internally, power currents are directed to the digital grounds 
(pins 18, 19, and 27) for internal digital currents, which are 
primarily switching currents, and to the analog grounds (pin 
28, plus pin 4 on the DSP201) for analog currents, which are 
primarily 
from the internal current switches and the output 
amplifier. Pin 16 on the DSP201 is used internally as a logic 
level, and injects essentially 
no current into the ground. 


Wherever possible, it is strongly recommended 
that separate 
analog and digital ground planes be used. With an LSB level 
of 92~V in 16-bit modes, and one quarter of that in 18-bit 
modes, 
the 
currents 
switched 
in a typical 
DSP 
system 
(processor, 
memory, 
etc.) 
can easily 
corrupt 
the output 
accuracy of the D/A's unless great care is taken to analyze 
and design for current flows. 


POWER 
SUPPLY 
DECOUPLING 


All of the supplies 
should be decoupled 
to the appropriate 
grounds using tantalum capacitors 
in parallel with ceramic 
capacitors, 
as shown 
in Figures 
2 and 3. For optimum 
performance 
of any high resolution 
D/A, all of the supplies 
need to be as clean as possible. If separate digital and analog 
supplies are available 
in a system, care should be taken to 
insure that the difference between the analog and the digital 
supplies is not more than 0.5V for more than a few hundred 
milliseconds, 
as may occur at power-on. 


Separate 
-5V 
analog and digital supplies 
are not needed. 
These 
pins are kept separate 
internally 
to minimize 
cou- 
pling. Drive pin 20 from the -5V analog supply, and make 
sure that the decoupling 
shown in Figure 2 or 3 are placed 
as close as possible to the D/As. 


CALIBRATION 
AND ADJUSTMENT 
OPTIONAL 
EXTERNAL 
OFFSET 
AND MSB TRIMS 


All of the specifications 
for the DSP201 and DSP202, plus 
the typical 
performance 
curves, 
are based on the perfor- 
mance of these D/As without external trims. In most appli- 
cations, external trims are not required. 


If external 
trims are not used, pins 23, 24, and 25 on the 
DSP20 I should be left open, as should pins 2, 3, 23, 24 and 
25 on the DSP202. These pins should not be decoupled with 
capacitors 
or tied to any specific potential, 
or the noise on 
the D/A outputs may increase. 


Where 
required 
by specific 
applications, 
offsets 
can be 
trimmed using the circuits in Figure 2 (DSP201) or Figure 3 
(DSP202.) 
As with all standard D/As, offset on the DSP201 
and DSP202 
means the difference 
of the output from the 
ideal negative 
full scale value. The DSP201 
and DSP202 
ust: 


a current switching 
D/A architecture, 
and the current from 
this is internally 
amplified 
to produce a ±3V output range. 
Negative full scale output thus results from having all of the 
internal current switches turned off. Offset on the DSP201 
and DSP202 should not be confused with the delta from OV 
with an input code of 0000 ...0000 
(0000 
hex for 
16-bit 
Modes, 00000 hex for 18-bit Modes). This is often described 
as bipolar zero error, and includes the effects of both offset 
and gain error. 


To trim the offsets, 
first latch the D/As with 1000 ...0000 
(8000 hex or 20000 hex). Then adjust the offset adjustment 
pots to produce an output of -3.000000V. 


The MSB adjustment 
circuitry 
shown in Figure 
2 for the. 
DSP20 I and in Figure 4 for the DSP202 basically change the 
weight of the MSB by adding 
to or subtracting 
from the 
current controlled 
by the internal MSB switch. 


Depending 
on the application, 
the MSB adjustments 
can be 
made in one of three different ways to optimize the system 
performance 
using the DSP201 
or DSP202. 
For dynamic 
performance, 
the MSB can be adjusted to minimize 
distor- 
tion of either a full-scale or low level sine-wave output. For 
applications 
stressing differential 
linearity, 
the 0000 ...0000 
(0000 hex or 00000 hex) to 1000 ...0000 (FFFF hex or 3FFFF 
hex) transition 
can be trimmed to change the output of the 
D/As precisely 
1 LSB (92~V in the 16-bit Mode or 23~V 
in the 18-bit Mode.) 


To adjust for minimum 
distortion 
of full-scale 
sinewaves, 
strobe 
the inputs 
to the DSP20 I or DSP202 
with codes 
representing 
ideal full scale sine waves, then trim the MSB 
adjustment 
circuit to minimize 
distortion, 
as measured 
by 
either a distortion 
analyzer or by digitizing 
the output with 
an appropriate 
AID and running FFT analyses. 


In many audio applications, 
it is more appropriate 
to adjust 
for minimum 
distortion 
with low level sinewave 
outputs. 
This minimizes 
zero-crossover 
error, which can be a con- 
cern in high-end audio systems. To do this, strobe the inputs 
to the DSP201 
or DSP202 
with codes representing 
ideal 
low-level 
sine waves (---60dB from full scale works well), 


and then 
trim 
the MSB 
adjustment 
circuit 
to minimize 
distortion, again using a distortion analyzer or FFT analyses 
to check the results of the trims. 


The MSB adjustment 
circuits can also be used to trim the 
D/A outputs directly for the transition from 0000 ...0000 (0000 
hex or 00000 hex) to 1111 ...1111 (FFFF hex or 3FFFF hex), 
eliminating 
differential 
linearity 
error at the major carry. 


Ideally, this transition of the digital input code should cause 
the D/A outputs to change 92/lV in the 16-bit Mode or 23/lV 
in the 18-bit Mode. A simple way to make this adjustment 
is to continually load alternately the codes 1111...1111 (FFFF 
hex or 3FFFF hex) and 0000 ...0000 (0000 hex or 00000 hex) 
into the DSP20 1or DSP202. An amplifier with sufficient gain 
can then drive an oscilloscope 
input, and the transition output 
step can be adjusted. 
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This loads 1111... 1111 (FFFFHEX or 3FFFFHEX)' 
driving the 
output to lLSB below OV. Then periodically 
bring RESET 


(pin 8) LOW for at least two Convert Commands, 
which is 
the equivalent 
of loading all Os, so the output is OV. Now 
the output can be adjusted 
for an ideal transition 
step. 


ADJUSTING 
BIPOLAR 
ZERO ERROR 


If it is important 
in a specific application 
to adjust bipolar 


zero error, the user should first adjust the MSB trim circuits, 
and then use the offset adjust circuits to adjust the outputs to 
OV with input codes of aliOs 
(סס OO ...סס OO;סס oo 
hex or 


0סס oo hex.) In this case, it is not possible to also trim offset 
at -Full 
Scale, as described 
above. 
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trimmed out at the system level by adjusting 
the gain used 
in an output amplifier stage, such as would be used in any 
active output filter. In this case, the bipolar zero error should 
be adjusted first as discussed 
above. Then, the gain on the 
output amplifier should be adjusted to minimize 
the devia- 
tion from ideal for -Full 
Scale (1000 ...000; 8000 hex or 
20000 
hex) and +Full 
Scale 
(011 LUll; 
7FFF 
hex or 
lFFFF hex.) 
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~O.Q1~F 
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MSBAdjust 
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For Immediate Assistance, Contact YourLocal Salesperson 


APPLICATIONS 
COMPLETE 
ANALOG 
INPUT/OUTPUT 
SYSTEM 


USING 
PARALLEL 
PORTS 


WITH THE DSP201 
OR DSP202 


Figure 5 shows a circuit for converting 
parallel outputs into 
the serial data stream required by the DSP20l, 
and meets the 
requirements 
for timing signals. Doubling this circuit allows 
the DSP202 to be driven from a 32-bit parallel port. In most 
applications, 
this circuit can be easily incorporated 
into gate 
arrays or other programmed 
logic circuits already used in the 


system, since the extra gate count is not high. 


DEGLITCHING 


Particularly 
in high resolution 
D/A converters, 
changing 
input codes may cause glitching 
on the output that exces- 
sively corrupts the dynamic purity of an output signal. The 
DSP201 
and 
DSP202 
are designed 
to minimize 
output 
glitching, 
and all of the performance 
specifications 
and 
typical performance 
curves are based on tests with no extra 
deglitching 
circuitry. In particular, the guaranteed Signal-to- 
(Noise + Distortion) 
performance 
would be impossible 
to 
attain with any significant 
glitching. 


The DSP201 or DSP202 can be paired with the Burr-Brown 
DSPIOI 
or DSPlO2 
analog-to-digital 
converter 
to provide 
both analog input and analog output for a complete 
digital 
signal processing 
system. 
The DSPlOl 
and DSPl02 
are 
respectively 
single and dual channel 200kHz sampling AIDs 
with easy 
to use interfacing 
logic 
that complement 
the 
DSP201 
and DSP202. 
Figure 
6 shows 
a single 
channel 
analog input and output system based on a DSP20 I and a 
DSPlOl, 
and the minimal connections 
required to interface 
to a DSP Ie. A pair of channels can be implemented 
using 
a single 
DSP202 
and a single 
DSPl02, 
either 
with two 
separate 
DSP ICs, with a single DSP IC with dual serial 
input and output channels, or a single DSP IC capable of 32- 
bit words in the Cascade Mode. 


For maximum 
flexibility 
in system design, the DSP201 
or 
DSP202 
D/As can be updated 
at a different 
rate than the 
conversion 
rate used on the DSPlOl 
or DSPlO2 AIDs, and 
either 
or both of these rates can be asynchronous 
to the 
clocks used with the DSP Ie. 
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TTL Bit 
Clock 


Digital Signal 


DSP101· 
Processor Ie 
DSP201 


XCLK 
16 
CLKR 
XCLK 
12 
XCLK 
N 


VIN 
20 
13 
21 
0 
SOUT 
DATA IN 
DATA OUT 
SIN 
VOUT 
±3V Analog Output 
~ 
±2.75V 


Analog Input 
,... 
0N 


SYNC 
15 
SYNC 
SYNC 
11 
SYNC 
a. 
en 
SSF 
12 
·SSF 
·SSF 
SSF 
C 


··SWL 
10 
SWL 


CONY 
21 
15 
CONY 


SYNC 


DATA 


DSP202 


12 
XCLK 


11 
SYNC 


13 
SINA 
21 
±3V Analog Output from DSP #1 
VOUTA 


14 
SINB 
±3V Analog Output from DSP #2 
VOUT6 


15 
CON V 


16 
CASC 


Sync Format 
Input 
SSF 


Data Length 
10 
SWL 


17 
ENABLE 


+5V 
RESET 


DSP PROCESSOR 
SYNC FORMAT 
SERIAL 
VO WORD 
·SSF 
"SWL 


DSP32C, DSP16 
Active 
Low 
16 Bits 
LOW 
HIGH 


DSP56001 
Active 
High 
24 Bifs 
HIGH 
LOW 
DSP56001 
Active 
High 
16 Bits 
HIGH 
HIGH 
TMS320C251C30 
Active 
High 
16 Bits 
HIGH 
HIGH 
ADSP21 0112105 
Active 
High 
16 Bits 
HIGH 
HIGH 


DIGITAL 
SIGNAL 
PROCESSOR 


DSP32C 
DSP16 
DSP56001 
in 16-bit Mode 
DSP56001 
in 24-bit Mode 
TMS320C25 


SYNC FORMAT 


Logic 0 
Logic 1 
Logic 1 


DATA LENGTH 


16-61t, Logic 1 
16-61t, Logic 1 
16-Blt, Logic 1 
24-Bit, Logic 0 
16-Bit, Logic 1 
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DSP202 
with 
DSP 
ICs 
from 
the 
Texas 
Instruments 


TMS320Cxx 
series. For simplicity, 
all of these circuits are 


based on using the TMS320Cxx 
in the mode where SSF 


(Select Synch Format, pin 9) is tied HIGH, so that there is 
an active 
High 
synchronization 
pulse 
generated 
by the 
DSP201 
or DSP202 
after receiving 
a Convert 
Command. 
The synchronization 
pulse can be changed 
to active Low 


simply by making 
SSF LOW, where appropriate, 
without 


changing basic operation of the D/As. The timing for either 
synchronization 
mode is shown in Figure 
I. 


In all cases, the DSP201 and DSP202 expect to receive the 
data with the MSB first, and the TMS320Cxx 
needs to be 


programmed 
for this. 


Figure 
6 shows 
a circuit 
for using 
the TMS320C25 
to 


generate a complete analog input and analog output system 
using the DSP201 plus the Burr-Brown 
DSPIOI 
AID. 


Figure 7 shows how to use two TMS320C25 
chips to drive 
the two channels of the DSP202. 


The TMS320C30 
has dual serial I/O ports, which can be 
used to drive the dual inputs on the DSP202, 
as shown in 


Figure 8. This circuit can maximize 
the update rate for the 


channels. 
Since the TMS320C30 
can also output 
32-bit 


words, both channels of the DSP202 can be updated from a 
single 
serial 
output 
port on the TMS320C30, 
using 
the 


cascade mode as shown in Figure 9. 


Figures 10 and II show complete two-channel 
analog input 


and analog output systems consisting 
of three basic chips, 


the TMS320C30 
plus a DSP202 
dual D/A and a Burr- 
Brown DSPI02 
dual AID. Figure 10 makes use of the dual 


serial I/O ports on the TMS320C30, 
and is shown with the 


DSP202 in the 16-bit Mode, which maximizes 
the possible 


two full analog I/O channels 
over a single serial I/O port 
on the TMS320C30. 
Thus, 
up to four complete, 
separate 


analog 
I/O 
channels 
could 
be 
operated 
using 
a single 


TMS320C30, 
by making 
use of the second 
serial port. 


Figure 
12 shows how to use a TMS320C25 
to update the 
analog output of the DSP20 I. 


USING 
DSP201 
AND DSP202 
WITH MOTOROLA 
DSP les 


Figure 
13 shows how to use the DSP201 
with a Motorola 


DSP56001. 
Using 
the 
DSP202 
requires 
using 
two 
DSP5600ls, 
as indicated 
in Figure 7. 


The DSP56001 needs to be programmed 
for transmission 
of 


the MSB 
bit first with 
SYNC 
in the Bit Mode. 
If the 
DSP56001 
is programmed 
for 16-bit data words, SWL (pin 
10) on the DSP201 
or DSP202 
needs to be tied HIGH to 


select the 16-bit Mode. In the DSP56001 
24-bit mode, the 


DSP201 
or DSP202 
can be programmed 
to accept 
data 


lengths of 16-bits (with SWL HIGH) or 18-bits (with SWL 
LOW), and will ignore the trailing bits on the serial line. 


For use with the Motorola 
DSP5600I, 
SSF (pin 9) on the 
DSP201 or DSP202 needs to be tied HIGH. This will cause 
the DSP201 
or DSP202 
to transmit 
an appropriate 
active 


High synchronization 
pulse on SYNC (pin II) after a Con- 
vert Command 
is received 
by the DSP201 
or DSP202. 
Timing is shown in Figure 
I. 


Even though the DSP20 I or DSP202 require a minimum of 
24 Bit Clock pulses between convert commands, 
the maxi- 
mum update rate for the D/As using a 5MHz Bit Clock will 
still be over 200kHz (5MHz / 24 = 208.3kHz.) 
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FIGURE 9. Using DSP202 with TMS320C30 
in Cascade Mode. 
a: 
W> 
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TIlB!t 
Clock 


DSP102' 
TMS320C30 
DSP202 


XClK 
16 
ClKR-O 
ClKX-O 
12 
XClK 
±2.75V 
13 
21 
±3V Analog Output 
20 
SINA 
Analog Input 
VINA 
SOUTA 
OR-O 
OX-O 
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15 
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17 
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r 
- 
+5V 
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XCLK 


13 
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11 
,... 


SYNC 
0 


9 
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SSF 
C. 


+5V 
10 
SWL 
en 


15 
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USING 
DSP201 
AND DSP202 
WITH ADI DSP ICS 


When using the DSP201 or DSP202 with the ADSP2101 
or 


ADSP2105, 
the processors need to be programmed 
to trans- 


mit the data with the MSB first. 


Figure 
14 shows the connections 
required 
to generate 
an 
analog output channel using an ADSP21 05 with the DSP20 I. 
The same basic circuit can also be used to connect a DSP201 
to the ADSP2101. 


Figure 6 indicates how to build a complete analog input and 
analog 
output 
system 
using 
either 
the 
ADSP2101 
or 
ADSP2105 
with a DSP201 and a Burr-Brown 
DSPIOI NO. 


The two serial ports on the ADSP2101 can also be used with 
the DSP202 to make two complete 
analog output channels 
as noted in footnote 2 of Figure 
10. 


USING DSP201 
AND 
DSP202 
WITH AT&T DSP ICS 


Figures 
15, 16 and 17 show how to use the DSP201 
and 


DSP202 with the DSPI6 
and DSP32C 
in different 
modes. 


The DSP IC needs to be programmed 
to transmit data with 
the MSB first, and the DSP201 or DSP202 
needs to have 


SSF (Select Sync Format on pin 9) tied LOW so that the 


D/As will output an appropriate 
active Low synchronization 


pulse after a Convert 
Command 
is received. 


Figures 
IS and 17 show the DSP32C 
and DSPI6 
respec- 
tively used with the DSP201 in the 16-bit Mode to generate 
a single analog output channel. With a 12MHz Bit Clock and 
the 24 Bit Clock cycles required by the DSP201 and DSP202 
between Convert Commands, 
the output of Figure 15 can be 


updated at a full 500kHz (12MHz/24 
= 500kHz.) 


Figure 
16 shows how to drive two analog output channels 


from a single 32-bit serial port on the DSP32C, 
using the 
Cascade 
Mode on the DSP202. 
With a 12MHz Bit Clock 
and the 40 Bit Clock 
cycles 
required 
between 
Convert 


Commands 
by the DSP for internal 
logic overhead, 
this 
circuit can update two separate 
analog outputs 
at 300kHz 
each 
from a single 
serial 
port (l2MHz/40 
= 300kHz.) 


Figure 6 indicates how to build a complete analog input and 
analog 
output 
system 
using a DSP32C 
or DSPI6 
with a 


DSP201 and a Burr-Brown 
DSPIOI 
AID. 


Figure 7 shows a two channel analog output system using a 
single DSP202 with two DSP32Cs 
or two DSPI6s. 
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DSP32C 
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SIO 
12 
OCK 
XCLK 


OLD 
11 
SYNC 


DO 
13 
21 
±3V Analog Output Channel A 
SINA 
VOUTA 


OEN 
14 
SINB 
±3V Analog Output Channel B 
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4Digital Interface 
Products 


Isolation 
Isolation 
Leakage 
Power 


Voltage 
Voltage 
Current 
Consumption 
Cont 
Pulse Test 
240VAC 
Data 
Per Channel 
Ext 
Peak 
Peak 
60Hz 
Rate 
max 
Power 
Product 
(Vrms) 
(V) 
l/!A) 
(MBd) 
(mW) 
Req 
Temp(l) 
Pkg 
IS0150 
1500 
2400(2) 
0.6 
80 
25 
Yes 
Xlnd 
DIP, sOle 
IS0485 
1500 
NS 
NS 
20 
180 at 5MBit/s 
Yes 
Xlnd 
DIP 


NOTES: (1)Xlnd= -40°C to +85°C. (2) Partialdischargetestvoltage,aeVrms. 
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Description 


Dual Isolated Transceiver 
RS-485 Transceiver - 


BURR-BROWN® 
IElElI 


Dual, Isolated, Bi-Directional 
DIGITAL COUPLER 


• 
REPLACES 
HIGH-PERFORMANCE 
OPTOCOUPLERS 


• 
DATA RATE: 80M Baud, typ 


• 
LOW POWER 
CONSUMPTION: 
25mW Per Channel, 
max 


• 
TWO CHANNELS, 
EACH BI-DIRECTIONAL, 


PROGRAMMABLE 
BY USER 


• 
PARTIAL 
DISCHARGE 
TESTED: 
2400Vrms 


• 
CREEPAGE 
DISTANCE 
OF 16.5mm 
(DIP) 


• 
LOW COST PER CHANNEL 


• 
PLASTIC 
DIP AND SOIC PACKAGES 


The ISOI50 
is a two-channel, 
galvanically 
isolated 
data coupler capable of data rates of 80MBaud, 
typi- 
cal. Each channel can be individually 
programmed 
to 
transmit data in either direction. 


Data 
is transmitted 
across 
the isolation 
barrier 
by 
coupling complementary 
pulses through high voltage 
O.4pF capacitors. Receiver circuitry restores the pulses 
to standard logic levels. Differential 
signal transmis- 


sion rejects 
isolation-mode 
voltage 
transients 
up to 
1.6kVI/JS. 


• 
DIGITAL 
ISOLATION 
FOR AlD, D/A 
CONVERSION 


• 
ISOLATED 
UART INTERFACE 


• 
MULTIPLEXED 
DATA TRANSMISSION 


• 
ISOLATED 
PARALLEL 
TO SERIAL 
INTERFACE 


• 
TEST EQUIPMENT 


• 
MICROPROCESSOR 
SYSTEM 
INTERFACE 


• 
ISOLATED 
LINE RECEIVER 


• 
GROUND 
LOOP ELIMINATION 


ISOI50 
avoids 
the problems 
commonly 
associated 
with optocouplers. 
Optically isolated couplers require 


high current pulses and allowance 
must be made for 


LED aging. The ISOI50's 
Bi-CMOS 
circuitry oper- 
ates at 25m W per channel. 


ISOI50 
is available in a 24-pin DIP package and in a 
28-lead SOle. 
Both are specified for operation 
from 


-40·C to 85·e. 


BURR· 
BROWNe 
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SPECIFICATIONS 


At T" '" +25°C and Vs = +5V, unless otherwise 
noted. 


IS0150AP, 
AU 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
PARAMETERS 
Rated Voltage, Continuous 
60Hz 
1500 
Vrms 


Partial Discharge, 
100% Te5t(1) 
1s,5pC 
2400 
Vrms 


Creepage 
Distance (External) 


DIP-"P" 
Package 
16 
mm 
SOIG--"U" 
Package 
7.2 
mm 


Internal Isolation Distance 
0.10 
mm 


Isolation Voltage Transient 
tmmunity(2) 
1.6 
kV/1JS 


Barrier Impedance 
>10" 
117 
Q II pF 


Leakage Current 
240Vrms, 
60Hz 
0.6 
~rms 


DC PARAMETERS 
Logic Oulput Vollage, 
High, Voo 
100: 
6mA 
Vs-l 
Vs 
V 


Low, VOL 
10\.: 6mA 
0 
0.4 
V 


Logic Output Short-Circuit 
Current 
Source or Sink 
30 
mA 


Logic Input Voltage, Highl') 
2 
Vs 
V 


Lowl') 
0 
0.8 
V 


Logic Input Capacitance 
5 
pF 


Logic Input Current 
<1 
nA 


Power Supply Voltage Rangel') 
5 
5.5 
V 


Power Supply Current(4) 
Transmit 
Mode 
DC 
0.001 
100 
~A 


50MBaud 
14 
mA 


Receive Mode 
DC 
7.2 
10 
mA 


50MBaud 
16 
mA 


AC PARAMETERS 
Data Rate, Maximum(5) 
CL·50pF 
50 
80 
MBaud 


Data Rate, Minimum 
DC 


Propagation 
Time(6) 
CL·50pF 
20 
27 
40 
ns 


Propagation 
Delay Skewm 
CL·50pF 
0.5 
2 
ns 


Pulse Width Distortion(8J 
CL·50pF 
1.5 
6 
ns 


Output Rise/Fall Time, 10% to 90% 
CL·50pF 
9 
14 
ns 


Mode SWitching Time 


Receive-to- Transmit 
13 
ns 


Transmit-to-Receive 
75 
ns 


TEMPERATURE 
RANGE 


Operating 
Range 
-40 
85 
°C 


Storage 
-40 
125 
°C 


Thermal 
Resistance,8JA 
75 
°CIW 


CJ) 
••••o 
::JCo 
a: 
Q. 


Wo 
ifa: 
NOTES: 
(1) All devices receive a 1s test. Failure criterion is ~5 pulses of ~pC. 
(2) The voltage rate-of-change 
across the isolation barrier that can be sustained 
W 
without data errors. 
(3) Logic inputs are HCT-type and thresholds 
are a function of power supply voltage with approximately 
O.4V hystersis-see 
text. 
(4) Supply 
••• 


current measured with both tranceivers set for the indicated mode. Supply current varies with data rate-see 
typical curves. 
(5) Calculated from the maximum Pulse 
Z 


Width Distortion (PWD), where Data Rate - O.3/PWD. (6) Propagation time measured from VtN "" 1.5V to Va "" 2.5V. (7) The difference in propagation time of channel 
_ 
A and channel 
B in any combination 
of transmission 
directions. 
(8) The difference 
between progagation 
time of a rising edge and a falling edge. 
..J 


~ 
C) 
C 


Tho information 
providod 
herein 
is boliovod 
to be reliable; 
howovor, 
BURR-BROWN 
assumos 
no rosponsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Supply Voltages, Vs . 
. .. -0.5 to 6V 
Transmitter 
Input Voltage, 
VI 
-0.5 
to Vs + O.5V 


Receiver 
Output Voltage, 
Vo" 
-0.5 
to Vs + O.5V 
RlTx Inputs. 
. 
-0.5 to Vs + 0.5V 
Isolation Voltage dV/dt, V,so.. 
. 
500kV/~s 


Ox Short to Ground 
Continuous 


Junction 
Temperature, 
TJ 
175°C 
Lead Temperature 
(soldering, 10s). 
. 
260·C 
1.6mm below seating plane (DIP package) 
300·C 


GB 
10 


Rii='B 
11 


0lB 
12 


15 
VSB 


14 
RIT'B 


17 
VSB 


16 
RIT'B 


15 
D'B 


PACKAGE 


24-Pin Single-Wide 
DIP 


NUMBER!') 


243-1 


NAME 
FUNCTION 


D" 
Data 
in or data out for transceiver 
1A. RfT'A held 
low makes 
D1A an input pin. 
- 


ReceivelTransmit 
switch controlling 
transceiver 
1A. 
AIT,. 


VSA 
+SV supply pin for side A which powers transceivers 
1A and 2A. 


GB 
Ground pin for transceivers 18 and 28. 


Rif18 
ReceivelTransmit 
switch controlling 
transceiver 
1B. 


D'B 
Data 
in or data out for transceiver 
1B. Rrr 18 held 
low makes 
D'B an input pin. 


D'B 
Data 
in or data out for transceiver 
2B. "AfT2B held 


low makes 
028 
an input pin. 
M2B 
ReceivelTransmit 
switch controlling 
028, 


VSB 
+SV 
supply 
pin 
for 
side 
B which 
powers 
transceivers 
18 and 28. 


G. 
Ground 
pin for transceivers 
1A and 2A. 


M2A 
ReceivelTransmit 
switch controlling 
transceiver 
2A. 


D,. 
Data 
in or data out for transceiver 
2A. - 


RfT,. 
held 
low makes 
D2A in input pin. 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 


parametric 
changes could cause the device not to meet its 
published 
specifications. 
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SUPPLY CURRENT PER CHANNEL 


vs SUPPL Y VOLTAGE 
POWERCONSUMPTIONPERCHANNELvs FREQUENCY 


;{.s 
c 
3 
~" 
(J 
>- 
2 
c.g. 


(J) 


CL = 15pF 


t = 1MHz = 2MBaud 


- 


---Receive 
Mode 
/ 


Transmjt~ 


..... 


3 
4 


Supply Voltage, Vs (V) 


1.6 


1.5 


1.4 
~ 1.3 
'1i~ 1.2 
Qia: 


1.1 


1.0 


.9 


-60 
-40 
-20 
20 
40 
60 
80 
100 
120 
140 


Temperature 
(0C) 


! 30 


a.~ 20 


45 


40 
:[ 
~ 35 
Qi0 


<=0 
t 
~ 
30 
0> 
'" 
I 


a. 


LowtoHi9~ 
" 
a. 


25 


Pulse Width Distortion 


20 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 


Supply Voltage, Vs (V) 
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«.s 


<=~8t 
(J) 
0 
Ll'> 


""'"o 
CJ)-•• 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 


PROPAGATION 
DELAYvs 
TEMPERATURE 


60 


"' 
50 


c 
J 
40 
Ii 
Qi 
30 
0 
c0 
"15 
20 
--r-- 
0> 
'" 
Co 


t 


e 


+ 


0- 
10 n 


-r--+- -I-- 


0 
I 


-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


Temperalure 
(0C) 


2.0 


1.8 


1.6 


1.4 


'> 
1.2 


~ 
1.0 
>- 


0.8 


0.6 


0.4 


0.2 


o 
U 
U 
U 
U 
~ 
U 
U 
~ 
M 


Supply Voltage, Vss (V) 


I 


IVTHIGH~ 125°C 
--- 
...••..-- 
~ 
-- 
, 
.....1--""" 
-- 


VT LOW' -40°C 


100m 


10m 
"'~ 
1m 
c 
~ 
100~ 
u 


<1> 
0> 
~ 
10~ 


<1> 
...J 


1~ 


1DOn 


V,s 
-1500Vrms 


VISO = 240Vrms E 


100 
lk 
10k 


Frequency (Hz) 


o 


-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


Temperature 
(0C) 


- 
J t 


- 
- 


- 
- - 
- 


- 
~ 
- 
-' 


1.0 


V'N(V) 


10k 


2.1k 
~ 
lk 


<1> 
0> 
'" 
'15>c 
100 
0~~ 
'"'" 
10 
<1> 
0- 


,- -Max 
,- - 
Rating 
'I 


'Degraded 
I 


Perlormance 


I 
I 
I 
I 
I 
II 
I' 


I 


lOOk 
1M 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 


At TA= +25°C 
and V5 = +SV I unless othelWise 
noted. 


1016 


1015 


9: 


<I) 
10'· 
(Jc 
'" 
;;;.,. 
1013 


<I)a: 
c0 
1012 
~ 
~ 
10'1 


~ I-- 
"'" 
- 


10'0 


o 
20 
40 
60 
80 
100 
120 
140 
160 
180 


Temperature 
(0C) 


Data is transmitted 
by coupling complementary 
logic pulses 


to the receiver through two O.4pF capacitors. 
These capaci- 
tors are built into the ISOl50 
package with Faraday shield- 
ing to guard against false triggering by external electrostatic 
fields. 


The 
integrity 
of the 
isolation 
barrier 
of the 
ISO 150 is 
verified 
by partial 
discharge 
testing. 
2400V rms, 60Hz, 
is 
applied across the barrier for one second while measuring 
any tiny 
discharge 
currents 
that may 
flow 
through 
the 
barrier. 
These 
current 
pulses 
are produced 
by localized 
ionization 
within the barrier. This is the most sensitive and 


reliable indicator of barrier integrity and longevity, and does 
not damage the barrier. A device fails the test if five or more 
current pulses of 5pC or greater are detected. 


Conventional 
isolation barrier testing applies test voltage far 
in excess of the rated voltage to catastrophically 
break down 
a marginal 
device. 
A device 
that passes 
the test may be 


weakened, 
and lead to premature 
failure. 


Figure 
1 shows the ISO ISO connected 
for basic operation. 


Channel 
I is configured 
to transmit data from side B to A. 


Channel 2 is set for transmission 
from side A to B. The R/f 
pins for each of the four transceivers 
are shown connected to 


the required logic level for the transmission 
direction shown. 


The transmission direction can be controlled by logic signals 
applied to the R/f pins. Channel 
1 and 2 can be indepen- 
dently controlled 
for the desired transmission 
direction. 


NOTES: (1) Power Supplies and grounds on 
side A and side B are isolated. (2) Recommended 
bypass; 
0.1 J.l.Fin parallel 
with 
1nF. 
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the mode selected. Logic inputs are CMOS with thresholds 
set for TfL 
compatibility. 
The logic threshold 
is approxi- 


mately 1.3V with 5V supplies and with approximately 400m V 
of hysteresis. 
Input logic thresholds 
vary with the power 
supply voltage. Drive the logic inputs with signals that swing 
the full logic voltage swing. The IS0150 
will use somewhat 


greater quiescent current if logic inputs do not swing within 
0.5V of the power supply rails. 


In receive 
mode, 
the data output 
can drive 
15 standard 


LS-TfL 
loads. It will also drive CMOS loads. The output 


drive circuits are CMOS. 


Separate, isolated power supplies must be connected 
to side 
A and side B to provide galvanic 
isolation. 
Nominal 
rated 


supply voltage is 5V. Operation 
extends from 3V to 5.5V. 


Power supplies should be bypassed close to the device pins 
on both sides of the isolation barrier. 


The Vs pin for each side powers the transceivers 
for both 


channel 
I and 2. The specified supply current is the total of 
both transceivers 
on one side, both operating in the indicated 


mode. Supply current for one transceiver 
in transmit mode 
and one in receive mode can be estimated by averaging the 
specifications 
for transmit 
and receive 
operation. 
Supply 
current 
varies with the data transmission 
rate-see 
typical 
curves. 


The IS0150 
transmits 
information 
across the barrier only 
when 
the 
input-side 
data 
changes 
logic 
state. 
When 
a 
transceiver 
is first programmed 
for receive 
mode, 
or is 
powered-up 
in receive mode, its output is initialized "high". 
Subsequent 
changes 
of data applied 
to the input side will 


cause the output to properly 
reflect the input side data. 


SIGNAL 
LOSS 


The 
ISOI50's 
differential-mode 
signal 
transmission 
and 


careful 
receiver 
design make it higWy immune 
to voltage 
across the isolation barrier (isolation-mode 
voltage). Rapidly 
changing 
isolation-mode 
voltage can cause data errors. As 
the rate of change of isolation voltage is increased, 
there is 
a very sudden increase in data errors. Approximately 
50% of 
ISOl50s 
will begin to produce 
data errors with isolation- 


mode 
transients 
of 1.6kV/~. 
This may occur 
as low as 
500V /~ in some devices. In comparison, 
a IOOOVrms, 60Hz 


isolation-mode 
voltage has a rate of change of approximately 
0.5V/~. 


Still, 
some 
applications 
with large, 
noisy 
isolation-mode 


voltage 
can produce 
data errors 
by causing 
the receiver 


output to change states. After a data error, subsequent changes 
in input data will produce correct output data. 


the ISOI50. 
Some applications 
are sensitive to data skew- 


the difference 
in propagation 
delay between channel 
I and 


channel 
2. Skew is less than 2ns between 
channel 
I and 


channel 2. Applications 
using more than one ISOl50 
must 


allow for somewhat 
greater 
skew from device 
to device. 


Since all devices are tested for delay times of 20ns min to 
40ns max, 20ns is the largest device-to-device 
data skew. 


The transmission 
direction of a channel can be changed "on 
the fly" by reversing 
the logic levels at the channel's 
R/T 
pins on both side A and side B. Approximately 
75ns after the 


transceiver 
is programmed 
to receive 
mode 
its output 
is 


initialized "high", and will respond to subsequent 
input-side 


changes in data. 


Quiescent 
current of each transceiver 
circuit is very low in 
transmit 
mode 
when 
input 
data 
is not 
changing 
(lnA 


typical). 
To conserve 
power when data transmission 
is not 
required, 
program 
both 
side 
A and 
B transceivers 
for 


transmit 
mode. Input data applied 
to either transceiver 
is 


ignored by the other side. High speed data applied to either 
transceiver 
will increase 
quiescent 
current. 


CIRCUIT 
LAYOUT 


The high 
speed 
of the ISO 150 and its isolation 
barrier 
require 
careful 
circuit 
layout. 
Use good high speed logic 


layout techniques 
for the input and output data lines. Power 
supplies should be bypassed close to the device pins on both 
sides of the isolation 
barrier. Use low inductance 
connec- 


tions. Ground planes are recommended. 


Maintain spacing between side I and side 2 circuitry equal 
or greater than the spacing between the missing pins of the 
ISOl50 
(approximately 
16mm for the DIP version). Sockets 


are not recommended. 
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Isolated RS-485 
DIFFERENTIAL BUS TRANSCEIVER 


• 
RS-485 AND RS-422 COMPATIBLE 


.100% 
TESTED 
FOR HIGH-VOLTAGE 
BREAKDOWN 


• 
RATED 
1500Vrms 


• 
SINGLE-WIDE 
24-PIN PLASTIC 
DIP 


• 
EASY TO USE 


• 
LOW POWER: 
180mW typ at 5Mbitls 


The IS0485 
differential, 
isolated bus transceiver 
uses 


Burr-Brown's 
capacitively 
coupled isolation technol- 


ogy to provide 
high-speed, 
low cost bus isolation. 


The IS0485 
is designed for bi-directional 
data com- 
munication 
on multipoint 
bus transmission 
lines and 
meets EIA Standard RS-485 as well as EIA Standard 
RS-422A 
requirements. 


The IS0485 
uses high voltage 
O.4pF capacitors 
in- 


stead of the LED and photodetector 
which are used in 
equivalent 
optocoupler 
solutions. 
As a consequence 


the 
part 
count 
of the 
isolated 
RS-485 
channel 
is 


reduced from multiple optocoupler 
channels, 
an RS- 


485 transceiver 
chip and supporting 
circuitry 
to one 


IS0485. 
The capacitors 
in the IS0485 
provide a high 


voltage barrier, l500Vrrns 
and greatly reduce current 


spikes on the power line. 


The IS0485 
combines a 3-state differential 
line driver 
and a differential-input 
line receiver 
both of which 


operate 
from a single 5V power supply. The driver 
differential 
outputs and the receiver differential 
input! 
output bus ports are designed to offer minimum 
load- 
ing to the bus whenever 
the driver 
is disabled 
or 


Vs = OV. 


• 
MULTIPOINT 
DATA TRANSMISSION 
ON LONG 
BUS LINES 
IN NOISY 


ENVIRONMENTS 


- 
RS-485 


DE 
RE 
BUS 


0 
0 
Rx 


0 
1 
HIGH Z 


1 
0 
HIGH Z 


1 
1 
Tx 
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IS0485P 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


DRIVER DC CHARACTERISTICS 
Input Voltage 
High MIN 
2 
V 


Low MAX 
0.8 
V 


Input Current 


High-Level 
V,N = 2.4V 
±1 
~A 


Low-Level 
V,N = 0.4V 
±1 
~A 
Output Voltage 
lOUT::: 
0 
0 
5 
V 


Differential Output Voltage 
IDA-loa"'" 
0 
1.5 
5 
V 


RLeAO 
= 100Q 
2 
2.5 
5 
V 
RLOAD::: 
540 
1.5 
2.5 
5 
V 
Change 
In Magnitude 
of Differential 
Output Voltage 
RLeAD 
= 54Q or 100Q 
±0.5 
V 


Common-Mode 
Output Voltage 
RLeAD 
= 54Q or 100Q 
3 
V 
Change in Magnitude 
of Common-Mode 
Output Voltage 
RLOAD 
= 540: or 1DOn 
±0.2 
V 


Output Current 
Vour = 7V, output disabled 
1 
mA 
Vour:: 
-7V, 
output disabled 
-<l.8 
mA 


Short-Circuit 
Output Current (1 see max) 
Your = -7V 
-250 
mA 


Vour:: 
OV 
-150 
mA 


Your = Vs 
250 
mA 
Vour 
K 12V 
250 
mA 


DRIVER SWITCHING 
CHARACTERISTICS 


Propagation 
Delay Time, 


Low-la-High 
Level Output 
RLOAD = 54Q 
60 
ns 


Propagation 
Delay Time, 


High-la-Low 
Level Output 
RLOAD = 540 
60 
ns 
Input to Output Propagation 
Delay Skew 
RLOAD 
= 540: 
10 
ns 
Output Rise Time 
RLOAO = 540 
10 
ns 


Output Fall Time 
RLOAD::: 
540 
10 
ns 


RECEIVER 
DC CHARACTERISTICS 


Differential·lnput· 
Threshold 
Voltage 


High 
Your 
= 2.7V, 
lOUT= -o.4mA 
0.2 
V 


Low 
VOUT 
= 0.5V, 
lOUT 
= 8mA 
-<l.2 
V 


Hysteresis 
70 
mV 
High-Level 
Output Voltage 
V,O = 200mV. IOH = 400~ 
2.4 
V 
Low-Level 
Output Voltage 
V,D = 200mV. IOL = 8mA 
0.4 
V 
High-Impedance-State 
Output Current 
Vour= 
1.4V 
±1 
~A 
Line Input Current 
V,N", 
12V, other output", 
OV 
0.7 
mA 
VIN", 
-7V, 
other output", 
OV 
-<l.6 
mA 


Enable·lnput 
Current 


High 
VIH", 
2.7V 
1 
~A 
Low 
VIL", 
OAV 
1 
~ 
Input Resistance 
12 
kn 
Short-Circuit 
Output Current 
1 sec max 
40 
mA 


RECEIVER 
SWITCHING 
CHARACTERISTICS 


Propagation 
Delay Time, 


Low-to-High 
Level Output 
V,D= 
-1.5V 
to 1.5V, Cc = 15pF 
35 
60 
ns 
High-to-Low 
Level Output 
V,D = -1.5V 
to 1.5V, Cc = 15pF 
30 
60 
ns 


Input to Output Propagation 
Delay Skew 
10 
ns 
Output Rise Time 
RL = 54Q 
8 
ns 


Output Fall Time 
RL = 54Q 
8 
ns 


TRANSCEIVER 
SPECIFICATIONS 


Maximum 
Data Rate 
20 
35 
Mbitsls 
Propagation 
Delay Driver to Receiver 
75 
ns 


Driver Output Enable Time 
RL = 110Q 
155 
200 
ns 


Driver Output Disable Time 
RL = 110Q 
185 
280 
ns 


Propagation 
Delay Receiver to Driver 
13 
ns 


Receiver Output Enable Time 
CL = 15pF 
110 
180 
ns 


Receiver Output Disable Time 
CL = 15pF 
120 
185 
ns 
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At TA:: 
+25°C, 
Vs:: SV, unless otherwise 
specified. 


PARAMETER 


TRANSCEIVER 
SPECIFICATIONS 
(CONT) 


Supply Voltage 
VsA 
VsS 


Supply Current 
VsA 
VsA 
VsA 


VsA 
VsS 
VsS 
VsB 
VsS 


RECOMMENDED 
OPERATING 
CONOITIONS 


Voltage 
at Any 
Bus Terminal 


High-Level 
Driver 
Input Voltage 


Low-Level 
Driver 
Input Voltage 
Differential 
Receiver 
Input Voltage 
Output Current High-Level 


TEMPERATURE 
RANGE 


Operating 
Storage 


ISOLATION 
PARAMETERS 
Rated 
Voltage, 
Continuous 


Partial Discharge, 
100% 
Test<l) 
Creepage Distance (External) DIP:: 
"P" Package 
Internal 
Isolation 
Distance 
Isolation 
Voltage 
Transient 
Immunity(2) 


Barrier 
Impedance 


Leakage 
Current 


DE 
RE 
RS-485 BUS 


0 
0 
Rx 
0 , 
HIGH Z 


1 
0 
HIGH Z 


1 , 
Tx 


0 
0 
Rx 


0 
1 
HIGH Z 
1 
0 
HIGH Z 


1 
1 
Tx 


IS0485P 


TYP 


16 
0.10 
1.6 


> 10" II 7 
0.6 


MAX 
UNITS 


5.5 
V 


5.25 
V 


5 
mA 
0.4 
mA 
0.4 
mA 
0.4 
mA 
55 
mA 
55 
mA 
51 
mA 
51 
mA 


12 
V 
V 


0.8 
V 
±12 
V 


-j)0 
mA 


-400 
~A 


60 
mA 
8 
mA 


85 
°C 
125 
°C 


Vrms 
Vrms 
mm 
mm 
kV/flS 
nil pF 
IJ-Arms 


The InformaUon proVided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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Supply Voltages, Vs 
5.5V 
Voltage at any bus terminal.. 
. 
-10 
to 15V 
Enable 
Input Voltage 
0 to Vcc + O.SV 
Continuous 
total dissipation 
at 25°C 
free-air 
temp 
750mW 


Lead solder temperature, 
260°C 
for 1as. 


1.6mm below seating plane 
300·C 
Junction Temperature.. 
. 
150°C 


Package 
thermal transfer, 
9JA 
75°CIW 


NCI') 
10 
15 
Vsa 


GND. 
11 
14 
GND. 


A 
12 
13 
B 


PACKAGE 


24-Pin Single-Wide 
DIP 


PACKAGE 
DRAWING 


NUMBERl') 


243-1 


PIN# 
NAME 
DESCRIPTION 


1 
R 
Data Received 
From Transmission 
Line 


2 
RE 
Receive 
Switch Controlling 
Receiving 
Of Data 
3 
VSA 
+5V Supply Pin For Side A 
10 
NC 
This Pin MUST Be Lett Unconnected 


l' 
GND. 
Ground 
Pin For Side B. Also Connected 
To Pin 14 
12 
A 
Data, 
Driver OuVReceiver 
In 
13 
B 
Data, 
Driver OuVReceiver 
In 
14 
GND. 
Ground Pin For Side B. Also Connected To Pin 11 
15 
Vs• 
+5V Supply Pin For Side B 
22 
GND. 
Ground 
Pin For Side A 
23 
DE 
Driver Switch Controlling 
Output Of Data 
24 
D 
Data To Be Transmitted 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD_ Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
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100m 


10m 
E~ 
1m 
C 
~ 100~ 
() 
"'"~ 
10~ 
'"" 
...J 


1~ 


100n 


VIse - 1500Vrms 
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24QVrm s== 


1016 


1015 
9: 
" 1014 
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a: 
c 
0 
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1011 


-- 


100 
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10 
" 
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DC 
1- - 
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Performance 


60 


~ 
50 
j 
40 
~ 
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0 
c 
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20 
'"'" 
0-e 
0.. 
10 
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- 
- 
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1.2 
a: 


20 
40 
60 
80 
100 
120 
140 


Temperature 
(0C) 
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The IS0485 
is a differential, 
isolated 
transceiver 
for half 
duplex multi-point 
communication, 
and complies 
with the 
EIA Interface Standards summarized 
in Table 1. The signals 
transmitted 
across the isolation barrier can achieve transmis- 
sion rates up to 35Mbit/s typical. The barrier is designed to 
perform 
in harsh 
electrical 
environments 
without 
signal 
degradation, 
while providing 
high isolation and good tran- 
sient immunity. 


Referring 
to the block 
diagram 
on the front page, 
data 
present at the D input can be transmitted 
across the barrier 
when 
the data enable 
pin DE is a logic high. The data 
appears as a differential 
signal on the outputs A and Band 
within the output range OV to +5V. The isolated side of the 
DE logic high also inhibits the isolated side of data read R. 
The input NOR gate arrangement 
prevents attempts to trans- 
mit and receive simultaneously. 
The truth table shows the 
conditions 
on the RS-485 bus for the possible states of DE 


and RE. 


Data is transmitted 
by coupling complementary 
logic pulses 
to the receiver through two O.4pF capacitors. 
These capaci- 
tors are built into the IS0485 
package with Faraday shield- 
ing to guard against false triggering by external electrostatic 
fields. 


The 
integrity 
of the 
isolation 
barrier 
of the 
IS0485 
is 
verified 
by partial 
discharge 
testing. 
2400Vrms, 
50Hz, 
is 
applied across the barrier for one second while measuring 
any tiny 
discharge 
currents 
that 
may 
flow 
through 
the 
barrier. 
These 
current 
pulses 
are produced 
by localized 
ionization 
within the barrier. This is the most sensitive and 


reliable indicator of barrier integrity and longevity, and does 
not damage the barrier. A device fails the test if five or more 
current pulses of 5pC or greater are detected. 


Conventional 
isolation barrier testing applies test voltage far 
in excess of the rated voltage to catastrophically 
break down 
a marginal 
device. 
A device 
that passes 
the test may be 


weakened, 
and lead to premature 
failure. 


Consider 
an RS-485 
network 
in an industrial 
area. The 
system specifications 
are: 


• Distance between master controller and the farthest outsta- 
tion 50 meters. 


• System data rate is to be 30Mbit/s. 


• One daisy-chain 
cable will link the master controller to the 
outstations. 


The main design considerations 
in implementing 
this system 
are: 


• Line loading and termination 


• Selection 
of correct cable for requirements 


• Attenuation 
and distortion 
of the signal 


• Fault protection 
and fail-safe operation 


BURR-BROWN_ 
IEtEU 


RS-485 recommends 
a maximum 
of 32 unit loads on any 
one line: the unit loading being derived from the 12kQ input 
impedance 
and the 12V maximum 
common-mode 
voltage. 


The IS0485 
represents 
I unit load. We could, 
therefore, 


connect 
up to 31 outstations 
to the master controller 
and 
comply with the specification. 


When a signal starts to change at the output of a transmitter, 
the other end of the line will eventually 
see this change and 
a reflection 
will occur. 
If this 
reflection 
returns 
to the 
transmitter 
before 
the transmitted 
signal 
has reached 
its 


maximum 
value, the line may be considered 
as a "lumped 
parameter" 
model. In this case no termination 
is necessary 
because the line has a negligible 
effect on the system. 


If the rise of the signal at the receiver T RISE is much less than 
the time taken 
for the signal 
to go from transmitter 
to 
receiver 
and back again 
2TpD termination 
of the lineis. 
necessary. 
It is usual to terminate the line with its character- 
istic impedance, 
Zo when the following 
rule applies: 


tJ) 
(I) 
I-o 
~coa: 
Q. 


(2) 
Wo 


~a: 
WI- 


(3) 
Z- 
..J 


~ 


e" 
C 


For this installation 
we have selected an Alpha Wire Corpo- 
ration 
cable, 
No. 60nc. The 
cables 
characteristics 
are 
shown in Figure 2. The rise time TRISE at the receiver was 
measured 
between the 10% and 90% points. 


From Figure I we can see that the velocity of propagation 
V p 
is given as 80%. Since this is the ratio of the signal speed in 
air, to the signal speed in the cable, we have 


3 X 108 x 0.8 
2.4 x 108 m/s 


l/Vp 
4.2ns/m 


2TpD = 
4.2 X 10-9 x 50 x 2 
42us 


Equation 
I holds, therefore the line must be terminated 
with 
its characteristic 
impedance. 


EYE PATTERNS 
AND Zo 


Eye patterns can be used to assess the signal distortion 
and 
noise on the transmission 
line. It is also a convenient 
method 
of determining 
the characteristic 
impedance of the line. The 
term 'eye' comes from the shape of the trace on the oscillo- 
scope. See Figures 2 and 3. 


The eye pattern 
was obtained 
using the non return 
zero 
pseudo-noise 
generator 
circuit shown in Figure 5. Figure 2 
shows the effects of the termination 
resistor 
for the three 
cases: Zr > Zo, Zr = Zo, Zr < Zo with Zr = Zo the eye 


pattern is clear. In practice a precision decade resistance box 
was used to determine 
the exact value of Zr to use. 


As the data rate is increased we can see from Figure 3 how 
the signal distortion also increases. From the graph in Figure 


I we can see that the specified 
attenuation 
figures 
given 
agree with those obtained 
by measurement; 
approximately 
-1.3db/IOOft, 
at 30Mbit/s 
(15MHz). 


10.0 


5.0 


E' 
00 
iii~ 


<= 
1.0 
0 
~ 
<= 
'" 
0.5 
"« 


-- 
~ 
- 


...- 
I ----- 
I 


5.0 
10.0 


Frequency (MHz) 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


Capacitance 


ALPHA 
WIRE CORP. 
COR. to COR. 
COR. to (COR. AND SHIELD) 
VP. 
Zo at lMHz, 


NO. 
pFIft 
I 
(pF/m) 
pFIft 
I 
pF/m) 
% 
n 


6072C 
8.7 
I 
(28,5) 
5.9 
I 
(52,2) 
80 
150 


6073C thru 6079/27C 
12.5 
I 
(41,0) 
22.0 
I 
(72,5) 
80 
150 


PARAMETER 
EIA-232 
RS-432-A 
RS-422-A 
RS-485 


Mode 
of Operation 
Single-Ended 
Single-Ended 
Differential 
Differential 


Number 
of Drivers 
and Receivers 
1 Driver 
1 Driver 
1 Driver 
32 Drivers 


1 Receiver 
10 Receivers 
10 Receivers 
32 Receivers 


Maximum 
Cable Length (m) 
15 
1200 
1200 
1200 


Maximum 
Data Rate (bps) 
20k 
100k 
10M 
10M 


Maximum 
Common· Mode Voltage (V) 
±25 
±6 
6 to -0.25 
12 to-7 


Driver Output 
I Loaded 
±5 
±3.6 
±2 
±1.5 


Levels (V) 
I Unloaded 
±15 
±6 
±5 
±5 


Driver Load (n) 
3k to 7k 
450 (min) 
100 (min) 
60 (min) 


Driver Slew 
Rate 
30Vl~ 
(max) 
External 
Control 
NA 
NA 


Driver Output 
Short Circuit 
500 to Vcc 
150 to GND 
150 to GND 
150 to GND 


Current Limit (mA) 
250 to -7 or 12V 


Driver 
Output 
I Power 
on 
NA 
NA 
NA 
12k 
Resistance 


High Z state (n) 
1 Power 
off 
300 
60k 
60k 
12k 


Receiver 
Input Resistance 
{OJ 
3 to 7 
4 
4 
12 


Receiver 
Sensitivity 
±3V 
±200mV 
±200mV 
±200mV 
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STUB LENGTH 


z,=~ 
••• 


~ 
. . 
, 
mB 


Signal at 
••• 
' 
Receiving r~.... 
'•..,. 
r~ 


End~ 
_~ 
__ 


Iii 
mm 


Signal at 
~~~.~ 
'41' 


ReceIVIng 
~ ~ 
•..•••. ,!, 
~ 


End ~ 
-..: 
••• :" 
11..:. 
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If the outstations are not to act as transmission 
lines, they too 


must meet the criteria determined 
by equation 
I. They must 


be seen as a lumped 
parameter. 
As a rule-of-thumb, 
the 


transition 
time 
of the pulse 
from 
the 
transmitter, 
T RISE 


should 
be ten times 
longer 
than 
the propagation 
delay, 


pdSTUB down the stub to the outstation. 


16.5 X 10-9 ~ 10 x 
I 
x stub length 
3 x 108 x 0.8 


START-UP 
CIRCUIT 
• 


Because the 150485 
is a capacitively 
coupled device, it is 


possible to power up an indeterminate 
state. The circuit of 


Figure 4 ensures that the 150485 
powers up in the receive 


mode, thus avoiding any conflict on the transmission 
line. 


~ 
330nF 
POWER ---r- 


DE~ 
~~ j~ 
10ms 


Because the 150485 
is a capacitively 
coupled device, inde- 


terminate states can occur when the change from transmit to 
receive or, from receive to transmit is initiated. This is easily 
overcome 
by transmitting 
an edge 
prior 
to the data 
of 


interest. The four possible 
conditions 
which could happen 
are detailed in Figures 5a, 5b, 6a, and 6b. Thereafter, 
data is 


known and correct. 


:~ 
:~~---- 


t 
_ 
t 
_ 


A 
High 
Z 


B 
High 
Z 


A 
High Z 


D 


RE 
• 
DE 
t 


RE 
• 


DE 
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- - - 
9 


-------------------------------8-0 
10 
U1 
1 
A 
QA ~ 
74ACT86 


2 
B 
QB~ 


QC 
~ 


QD 
10 


QE 
11 


~ 
12 
QH 
13 


U3B 
4 
UA4 


U2 
o 
PR 
Q 
1 
3 
2 
A 
QA 
4 
B 
QB 
ClK 


QC 
5 


Cl 
Q 
6 
II) 


QD 
10 
1 
74ACT74 
CO 


QE 
11 
~ 


ClK 
QF 
12 
0 
QG 
U4B 


13 
10 
en 
ClR 
QH 
PR 
Q 
9 


74ACT 164 


Q 


74ACT74 


a} 
AI = R3 and Rz = R. 
For open circuit conditions this biases the line to a logic '1' 


b) 
Z, = Z, = Z, =Z, = BZX85 = 12V 
Z, = Z. - Z, =Z, = BZX85 = 6.8V 
0, -0, 
= IN4048 


The zener diode in conjunction 
with the ptc thermistors 
limit the current 


drawn on the line when taken beyond the +12V 
and -lV. The ptc 
thermistors 
also current limit on the line being shorted to the ground. 


c) 
At =R2 
=o.SXZO(1+ 
Vec) 
VTH 


RT =ZO(l+ 
VTH) 
Vcc 
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5 MUltiplexers 


Burr-Brown analog multiplexers provide one of 
the most cost effective methods of achieving mul- 
tiple-channel signal distribution. Single-ended and 
differential channel versions are available in both 
ceramic and plastic packages. 


These high speed multiplexers are input protected 
and can withstand voltages of 70Vp-p without 


damaging the device. Full ±15V input range is 
provided on all devices. 


MPC506 
16 to 1 mux 


MPC507 
8 to 1 mux 
MPC508 
8 to I mux 
MPC509 
4 to I mux 


BURR-BROWN!! 
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single-ended 
differential 
single-ended 
differential 


•• 


Multiplexers 


ANALOG 
MUL TIPLEXER 
(Input, Settling Time, max) 


16-CHANNEL 
MPC506 
(Single, 3.5~s) 


MPC800 
(Single, 800ns) 


8-CHANNEL 
MPC507 
(Diff, 3.5~s) 
MPC508 
(Single, 3.5~s) 


4-CHANNEL 
MPC509 
(Diff, 3.5~s) 


MPC100 
(Single, 450MHz) 


2-CHANNEL 
MPC104 
(Single, 590MHz) 
MPC102 
(Single, 370M Hz, Dual) 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


~. 
ANALOG MULTIPLEXER~ 
m~ 
m~ 
Input 
On 
Small 
Settling 
Range 
Resistance 
Signal 
Time 
Temp 
~product 
Channels 
(V) 
max(n) 
Bandwidth 
(to 0.01%) 
Range(1) 
Pkg(2) 
Description 


• MPC100AP 
4-channel, 
single 
ended 
±4.2 
0.88M 
450MHz 
Ext 
14-p 
PDIP 
Buffered 
4 x 1 
t:ll 
MPC100AU 
4-channel, 
single 
ended 
±4.2 
0.88M 
450MHz 
- 
Ext 
14-pSOIC 
Buffered 
4 x 1 
:0:: 
...• 
MPC102AP 
dual 2-channel, 
single 
ended 
±3.6 
0.88M 
370M Hz 
- 
Ext 
14-p 
PDIP 
Buffered 
Dual 2 x 1 
"';' 
t:ll 
MPC102AU 
dual 2-channel, 
single 
ended 
±3.6 
0.88M 
370M Hz 
- 
Ext 
14-pSOIC 
Buffered 
Dual 2 x 1 


;j 
MPC104AP 
2-channel, 
single 
ended 
±3.6 
0.88M 
590MHz 
- 
Ext 
8-p 
PDIP 
Buffered 
2 x 1 
~ 
MPC104AU 
2-channel, 
single 
ended 
±3.6 
0.88M 
590MHz 
- 
Ext 
8-pSOIC 
Buffered 
2 x 1 
;::s 
•....• 
MPC506AP 
16-channel, 
single 
ended 
±15 
1.8k 
- 
3.51'S 
Ext 
28-p 
PDIP 
Protected 
Inputs, 
CMOS 
(J 
MPC506AG 
16-channel, 
single 
ended 
±15 
1.8k 
- 
3.51's 
Ext 
28-pCDIP 
Protected 
Inputs, 
CMOS 
t:l 
MPC506AU 
16-channel, 
single 
ended 
±15 
1.8k 
- 
3.51's 
Ext 
29-p 
SOIC 
Protected 
Inputs, 
CMOS 
l:l 
i:i 
MPC507AP 
8-channel, 
differential 
±15 
1.8k 
- 
3.51's 
Ext 
28-p 
PDIP 
Protected 
Inputs, 
CMOS 
t:ll 
MPC507AG 
8-channel, 
differential 
±15 
1.8k 
- 
3.5l'5 
Ext 
28-p 
CDIP 
Protected 
Inputs, 
CMOS 


<:::> 
MPC507AU 
8-channel, 
differential 
±15 
1.8k 
- 
3.51's 
Ext 
28-p 
SOIC 
Protected 
Inputs, 
CMOS 
<:::>r 
MPC508AP 
8-channel, 
single 
ended 
±15 
1.8k 
- 
3.51's 
Ext 
16-p 
PDIP 
Protected 
Inputs, 
CMOS 
~ 
MPC508AG 
8-channel, 
single 
ended 
±15 
1.8k 
- 
3.5l'5 
Ext 
16-p CDIP 
Protected 
Inputs, 
CMOS 


>;. 
MPC508AU 
8-channel, 
single 
ended 
±15 
1.8k 
- 
3.51's 
Ext 
16-pSOIC 
Protected 
Inputs, 
CMOS 
~ 
MPC509AP 
4-channel, 
differential 
±15 
1.8k 
- 
3.51's 
Ext 
16-p 
PDIP 
Protected 
Inputs, 
CMOS 
l:l.. 
V) 
MPC509AG 
4-channel, 
differential 
±15 
1.8k 
- 
3.51's 
Ext 
16-p CDIP 
Protected 
Inputs, 
CMOS 


QQ' 
MPC509AU 
4-channel, 
differential 
±15 
1.8k 
- 
3.51's 
Ext 
16-pSOIC 
Protected 
Inputs, 
CMOS 


;::s 
MPC800KG 
16 single 
or 8 differential 
±15 
750 
- 
800ns 
Com 
CDIP 
High 
Speed, 
CMOS 
e.. 


"'tl 
MPC801KG 
8 single 
or 4 differential 
±15 
750 
- 
800ns 
Com 
CDIP 
High 
Speed, 
CMOS 


;j 
NOTES, (1) Temperature Range: Com = O'C to +70'C, 
Ext = -40'C 
to +85'C, Mil = -55'C 
to +125'C. 
(2) CDIP = Ceramic DIP, PDIP = Plastic DIP. 


~ 
'"1;; 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


V, 
Some specifications have been estimated for comparison 


~ 
purposes. 
Refer to data sheets 
for guaranteed 
specificatior 


MULTIPLEXERS I 
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Wide Bandwidth 
4 x 1 VIDEO MULTIPLEXER 


• 
BANDWIDTH: 
250MHz (1.4Vp-p) 


• 
LOW INTERCHANNEL 
CROSSTALK: 
gjOdB (30MHz, DIP); gOdB 
(30M Hz, SO) 


• 
LOW SWITCHING 
TRANSIENTS: 


+2.5/-1.2mV 


• 
LOW DIFFERENTIAL 
GAIN/PHASE 
ERRORS: 
0.05%, 0.010 


• 
LOW QUIESCENT 
CURRENT: 


One Channel Selected: ±4.6mA 
No Channel Selected: ±2301lA 


• 
VIDEO ROUTING 
AND MULTIPLEXING 


(CROSS POINTS) 


• 
RADAR SYSTEMS 


• 
DATA ACQUISITION 


• 
INFORMATION 
TERMINALS 


• 
SATELLITE 
OR RADIO LINK IF ROUTING 


The MPClOO is a very wide bandwidth 4 to I channel 
Video Signal Multiplexer 
which can be used in a wide 
variety of applications. 


MPClOO 
is designed 
for wide-bandwidth 
systems, 


including 
high-definition 
television 
and 
broadcast 
equipment. 
Although 
it is primarily 
used 
to route 
video signals, the harmonic and dynamic attributes of 
the MPClOO make 
it appropriate 
for other 
analog 


signal routing applications 
such as radar, communica- 
tions, computer 
graphics, 
and data acquisition 
sys- 
tems. 


The MPC 100 consists of four identical monolithic inte- 
grated 
open-loop 
buffer 
amplifiers, 
which 
are con- 


nected internally at the output. The unidirectional trans- 
mission path consists of bipolar complementary 
buffers, 


which offer extremely 
high output-to-input 
isolation. 


The MPC I00 multiplexer enables one of the four input 
channels to connect to the output. The output of the 
multiplexer is in a high-impedance 
state when no chan- 


nel is selected. When one channel is selected with a 
digital" I" at the corresponding SEL-input, the compo- 
nent acts as a buffer with high input impedance and low 
output impedance. 


The 
wide bandwidth 
of over 250MHz 
at 1.4Vp-p 


signal level, high linearity and low distortion, and low 
input voltage noise of 4n V/'./fu make this crosspoint 
switch 
suitable 
for RF and video 
applications. 
All 
performance 
is specified 
with ±5V 
supply 
voltage, 


which reduces power consumption 
in comparison 
with 
±15V designs. The multiplexer 
is available 
in space- 


saving SO-14 and DIP packages. 
Both are designed 
and specified 
for operation 
over the industrial 
tem- 
perature range (-40°C 
to +85°C.) 


SEL, SEt., SEL, SEL, 


TRUTH TABLE 


SEL, 
SEL2 
SEL, 
SEL, 
Vom 


0 
0 
0 
0 
HI·Z 


1 
0 
0 
0 
IN, 


0 
1 
0 
0 
IN, 


0 
0 
1 
0 
IN, 


0 
0 
0 
1 
IN, 
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SPECIFICATIONS 


I 
MPC100AP. 
AU 


PARAMETER 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET VOLTAGE 
RIN = 0, RSOUACE= 0 


Initial 
+10 
±30 
mV 


vs Temperature 
±30 
~V/·C 


YS Supply (Tracking) 
Vcc = ±4.5V to ±5.5V 
-40 
-1l0 
dB 


YS Supply (Non-tracking) 
Vec = +4.5V to +S.5V 
-50 
dB 


YS Supply (Non-tracking) 
Vcc = -4.5V 
to -5.5V 
-50 
dB 


Initial Matching 
Between 
the Four Channels 
±3 
mV 


INPUT BIAS CURRENT 
Initial 
+4 
±10 
~ 


vs Temperature 
20 
nArC 


YS Supply (Tracking) 
Vcc = ±4.5V to ±5.5V 
±380 
nAN 


YS Supply (Non-tracking) 
Vcc = +4.5V to +5.5V 
+1.0 
~ 


YS Supply (Non-tracking) 
Vcc = -4.5V 
to -5.5V 
-11.0 
~ 


INPUT IMPEDANCE 
0 
Resistance 
Channel On 
0.88 
Mn 
0 


Capacitance 
Channel On 
1.0 
pF 
or- 


Capacitance 
Channel Off 
1.0 
pF 
0 
INPUT NOISE 
Q. 


Voltage 
Noise 
Density 
fe • 20kHz to 10MHz 
4.0 
nV/-IHz 
:!: 
Signal-la-Noise Ratio 
SIN = O.lNN • v'5MHz 
-98 
dB 


INPUT VOLTAGE 
RANGE 
Gain Error = 10% 
±4.2 
V 


TRANSFER 
CHARACTERISTICS 
Voltage Gain 


RL = 1kU, V,N 
• ±2V 
0.982 
VN 


RL = 10kU, V,N = ±2.8V 
0.98 
0.992 
VN 


CHANNEL 
SELECTION 
INPUTS 
en 
Logic 1 Voltage 
+2.0 
Vcc 
V 
a: 
Logic 0 Voltage 
a 
+0.8 
V 
W 
Logic 
1 Current 
VSEL = 5.0V 
100 
150 
~ 
>< 
logic 
0 Current 
VSEL = 0.8V 
0.002 
5 
~ 


SWITCHING 
CHARACTERISTICS 
V, = -<J.3V to +O.lV, I = 5MHz 
W 
..J 


SEL to Channel ON Time 
90% 
Point of V0 = 1Vp-p 
0.25 
115 
Q. 


SEL to Channel OFF Time 
10% Point of Vo = 1Vp-p 
0.25 
115 


Switching 
Transient, 
Positive 
Measured 
While Switching 
+2.5 
mV 


~ 
Switching 
Transient, 
Negative 
Between 
Two 
Grounded 
Channels 
-1.2 
mV 


OUTPUT 
:::) 


Voltage 
V,N = ±3V, RL 
• 5kU 
±2.8 
±2.98 
V 
:!: 
Resistance 
One Channel Selected 
11 
n 


Resistance 
No Channel Selected 
900 
Mn 
Capacitance 
No Channel Selected 
1.5 
pF 


POWER SUPPLY 
Rated Voltage 
±5 
V 
Derated 
Performance 
±4.5 
±5.5 
V 
Quiescent 
Current 
One Channel Selected 
±4.6 
±5 
mA 


No Channel Selected 
±230 
±35O 
~ 


TEMPERATURE 
RANGE 


Operating 
-40 
+85 
·C 
Storage 
-40 
+125 
·C 


Thermal 
Resistance, 
9JA 
90 
·CIW 


The information 
provided herein is believed 
to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR· BROWN assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR·BROWN 
product for use in life support devices 
and/or 
systems. 
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MPC100AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
I 
MAX 
UNITS 


AC CHARACTERISTICS 


FREQUENCY 
DOMAIN 


lARGE 
SIGNAL 
BANDWIDTH 
(-3dB) 
Vo : 5.0Vp-p, COUT = 1pF 
70 
MHz 
Vo = 2.8Vp-p, COUT = 1pF 
140 
MHz 


Vo = 1.4Vp-p, Cour = 1pF 
250 
MHz 


SMAll 
SIGNAL 
BANDWIDTH 
Vo = 0.2Vp-p, COUT = lpF 
450 
MHz 


GROUP DELAY TIME 
450 
ps 


DIFFERENTIAL 
GAIN 
f = 4.43MHz, 
V,N : 
0.3Vp-p 
VDC = 0 to 0.7V 
0.05 
% 


VDC=Ot01.4V 
0.06 
% 


DIFFERENTIAL 
PHASE 
f = 4.43MHz, 
V,N = 0.3Vp-p 
VDC = 0 to 0.7V 
0.01 
Degrees 


VDC = 0 to 1.4V 
0.02 
Degrees 


GAIN FLATNESS 
PEAKING 
Vo : 0.2Vp-p, 
DC to 30M Hz 
0.04 
dB 
Vo = 0.2Vp-p, DC to 100MHz 
0.05 
dB 


HARMONIC 
DISTORTION 
f = 30MHz, Vo = 1.4Vp-p, 
R, 
= 1Iill 


Second 
Harmonic 
-53 
dBc 


Third Harmonic 
--{;7 
dBc 


CROSSTALK 
VI:: 
1.4Vp-p, Figures 4 and 8 
MPC100AP 
All Hoslile 
f = 5MHz, 
--{;2 
dB 
f = 30MHz, 
--{;O 
dB 


Off 
Isolation 
f = 5MHz, 
-70 
dB 
f: 
30M Hz, 
-71 
dB 


MPC100AU 
All Hoslile 
f = 5MHz, 
-78 
dB 
f = 30MHz, 
-70 
dB 


Off Isolation 
f = 5MHz, 
-75 
dB 
f = 30M Hz 
-76 
dB 


TIME DOMAIN 


RISE TIME 
Vo = 1.4Vp-p, Step 10% to 90% 


COUT = 1pF, ROUT = 22il 
3.3 
ns 


SLEW RATE 
Vo = 2Vp-p 
COUT = 1pF 
650 
VII'S 


COUT: 
22pF 
460 
VII'S 


COUT = 47pF 
320 
VII'S 


IN,-IN. 
Four analog 
input channels 


GND 
Analog 
input shielding 
grounds, 
connect 
to system 
ground 


SEL,-SEL. 
Channel 
selection 
inputs 


Vour 
Analog 
output; tracks selected 
channel 


-Vec 
Negalive 
supply voltage; typical -5VDC 


+Vcc 
Posilive supply vollage; typical +5VDC 


BURR-BROWNe 
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Power Supply Voltage (±Vce) 
±6V 


Analog Input Voltage (IN, through IN,)I') 
±Vce,±0.7V 


logic 
Input Voltage 
--o.6V to +Vee +0.6V 


Operating Temperature.. 
. 
-40°C to +85°C 


Storage Temperature." 
-40°C to +125°C 


Output 
Current 
. 
. 
±6mA 
Junction Temperature.. 
. 
+150°C 


Lead Temperature 
(soldering, 
105) 
+300°C 


Digital Input Voltages (SEl, 
through SEl,)I') 
--o.5V to +Vee +0.7V 


NOTE: 
(1) Inputs are internally diode-clamped 
to ±V ce. 


MODEL 


MPC100AP 
MPC100AU 


DESCRIPTION 
TEMPERATURE 
RANGE 


14-Pin Plastic DIP 
-40°C 
to +85°C 


50-14 
Suriaee Mount 
-40°C 
to +85°C 


PAD 
FUNCTION 


1 
Input t 


2 
Ground 
3 
Input 2 


4 
Ground 


5 
Input 3 


6 
Ground 
7 
Input 4 


8 
Select 4 
9 
Select 3 


10 
+5V Supply 


11 
Output 


12 
-5V 
Supply 


13 
Select 2 


14 
Select 1 


Substrate 
Bias: Negative Supply 


NC: 
No 
Connection 


Wire Bonding: Gold wire bonding 
is recommended. 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
51 x 76, ±5 
1.295 x 1.93, ±0.13 


Die Thickness 
14±1 
0.55±0.025 


Min. Pad Size 
4x4 
0.10xO.l0 


Backing: Titanium 
0.02, +0.05, --0.0 
0.0005 +0.0013, --0.0 


Gold 
0.30, ±0.05 
0.0076, ±0.0013 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


MPC100AP 
14-Pin Plastic DIP 
010 


MPC100AU 
SO·14 
Surface 
Mount 
235 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formancedegradation 
to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


ESD damage can range from subtle performance 
degradation 


to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 


fications. 
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TYPICAL PERFORMANCE CURVES 


>.s 
"~ 
-1 
15> 
-2 
-3 


- 
-- 
-- 
- 


, 


-4 


-5 


-40 
o 
20 
40 
60 


Temperature 
(0G) 


9: 
100kI 
oS 


One Channel 
Selected 


--- 


20 
40 


Temperature 
(0C) 


4 


~ 
E 
§ 
0 
-1 
iQ 
jjj 
-2 
-3 


---t-- 


.. 


" 
-4 


-5 


-40 
o 
20 
40 
60 


Temperature 
(0G) 


OUTPUT IMPEDANCEvs 
FREQUENCY 
100 


II 


9: 
30 
g 
'""" 
10 
"- 
oS 


=>.9- 
6 


1 


10k 
100k 
1M 
10M 
100M 
lG 


Frequency (Hz) 


300 


250 


;<3 
200 
c 
~ 150 
0~ 
Ci 
100 
g- 
(/J 


50 


I 
I 


No Channel Selected 
-- 
- 


!-- r-- 
-- 


20 
40 
60 


Temperature 
(0G) 
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APPLICATIONS INFORMATION 


The 
MPCIOO operates 
from 
±5V 
power 
supplies 
(±6V 
maximum). 
Do not attempt 
to operate 
with larger power 


supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited 
or protected. If the output is 


shorted to ground, currents up to 18mA could flow. Momen- 
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent 
damage. 


INPUT PROTECTION 


All pins on the MPClOO are internally protected from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 


either power supply as shown in Figure 1. These diodes will 
begin 
to conduct 
when 
the input voltage 
exceeds 
either 


power supply by about 0.7V. This situation can occur with 
loss of the amplifier's 
power supplies while a signal source 
is still present. The diodes can typically withstand a continu- 
ous current 
of 30mA without 
destruction. 
To insure long 
term reliability, however, diode current should be externally 
limited to 10mA or less whenever 
possible. 


The internal 
protection 
diodes 
are designed 
to withstand 
2.5kV 
(using Human 
Body Model) 
and will provide 
ad- 


equate 
ESD protection 
for most normal 
handling 
proce- 


dures. However, 
static damage can cause subtle changes in 


amplifier 
input characteristics 
without necessarily 
destroy- 


ing the device. In precision buffer amplifiers, this may cause 
a noticeable 
degradation 
of offset voltage and drift. There- 


fore, static protection 
is strongly 
recommended 
when han- 


dling the MPClOO. 


Static damage has been well recognized 
for MOSFET 
de- 


vices, 
but any semiconductor 
device 
deserves 
protection 


from this potentially 
damaging source. The MPClOO incor- 


porates on-chip ESD protection diodes as shown in Figure I. 
This eliminates the need for the user to add external protec- 
tion diodes, performance. 


+v 
ESD Protection 
diodes 
cc 
internally connected to all pins. 


,_""~------- 
'~m'O~" 


-Vcc 


DISCUSSION 
OF PERFORMANCE 


The MPClOO video multiplexer 
allows the user to connect 


anyone 
of four analog input channels (IN I-IN4) to the output 


of the component 
and to switch between 
channels 
within 
less than 0.5~. 
It consists of four identical unity-gain buffer 


amplifiers, 
which are connected 
together 
internally 
at the 
output. The open loop buffers consisting 
of complementary 


emitter 
followers 
applies 
no feedback, 
so their low 
fre- 
quency gain is slightly less than unity and somewhat depen- 
dent on loading. Unlike devices using MOS bilateral switch- 
ing elements, 
the bipolar 
complementary 
buffers 
form an 
unidirectional 
transmission 
path and thus provide high out- 


put-to-input 
isolation. Switching 
stages compatible 
to TTL 


level digital signals are provided for each buffer to select the 
input channel. When no channel is selected, the output of the 
device is high-impedance 
and allows the user to wire 
more 


MPClOOs together to form switch multi-channel 
matrices. 


If one channel 
is selected 
with a digital "I" 
at the corre- 


sponding SEL-input, the MPClOO acts as a buffer amplifier 
with high input impedance 
and low output impedance. 
The 


truth 
table 
on the 
front 
page 
describes 
the 
relationship 


between 
the digital inputs (SELl to SEL4) 
and the analog 


inputs 
(IN I to IN4), 
and which 
signal 
is selected 
at the 
output. 


The 
2-4 
address 
decoder 
and 
chip 
select 
logic 
is not 


integrated. 
The selected design increases 
the flexibility 
of 
address 
decoding 
in complex 
distribution 
fields, 
eases 


BUS-controlled 
channel 
selection, 
simplifies 
channel 
se- 
lection monitoring 
for the user, and lowers transient 
peaks. 
All of these characteristics 
make the multiplexer, 
in effect, 


a quad switchable 
high-speed 
buffer. 
It requires 
DC cou- 


pling and termination 
resistors 
when directly 
driven from 
a low impedance 
cable. High-current 
output amplifiers 
are 
recommended 
when driving 
low-impedance 
transmission 
lines or inputs. 


An advanced complementary 
bipolar process, consisting 
of 


pn-junction 
isolated high-frequency 
NPN and PNP transis- 


tors, 
provides 
wide 
bandwidth 
while 
maintaining 
low 
crosstalk 
and harmonic 
distortion. 
The single chip band- 
width 
of over 250MHz 
at an output 
voltage 
of 1.4Vp-p 


allows the design of large crosspoint 
or distribution 
fields 


in HDTV-quality 
with 
an overall 
system 
bandwidth 
of 
36MHz. 
The buffer amplifiers 
also offer low differential 


gain (0.05%) 
and phase (0.0 I0) errors. 
These 
parameters 
are essential 
for video applications 
and demonstrate 
how 
well the signal path maintains 
a constant 
small-signal 
gain 
and phase for the low-level 
color subcarrier 
at 4.43MHz 


(PAL) or 3.58MHz 
(NSTC) as the brightness 
(luminance) 
signal is ramped 
through 
its specified 
range. The bipolar 
construction 
also ensures that the input impedance 
remains 


high and constant 
between 
ON and OFF states. The ONI 


OFF input capacitance 
ratio is near unity, and does not vary 


with 
power 
supply 
voltage 
variations. 
The 
low 
output 


capacitance 
of l.5pF when no channel is selected is a very 


important 
parameter 
for large distribution 
fields. Each par- 
allel output capacitance 
is an additional 
load and reduces 


the overall system bandwidth. 


Bipolar 
video crosspoint 
switches 
are virtually 
glitch-free 


when compared 
to signal switches using CMOS or DMOS 
devices. 
The MPClOO operates 
with a fast make-before- 
break switching 
action to keep the output 
switching 
tran- 
sients 
small 
and 
short. 
Switching 
from 
one 
channel 
to 


BURR-BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
1E3E31 


another causes the signal to mix at the output for a short 
time, but it interferes only minimally with the input signals. 
The transient peaks remain less than +2.SmV and -1.2mV. 
Subsequent 
equipment might interpret large negative output 
glitches as synchronization 
pulses. To remove this problem, 


the output must be clamped during the switching dead time. 
With the MPCIOO, the generated 
output transients 
are ex- 
tremely small and clamping 
is unnecessary. 
The switching 
time between 
two channels 
is less than O.SIJS.This short 


time period allows easy switching during the vertical blank- 
ing time. The signal envelope during the transition from one 
channel to another rises and falls symmetrically 
and shows 


less overshooting 
or DC settling transients. 


Power consumption 
is a serious 
problem 
when designing 


large crosspoint fields with high component density. Most of 
the buffers 
are always 
in off-state. 
One important 
design 


goal was to altain low off-state quiescent 
current when no 
channel is selected. The low supply current of ±230~ 
in 


off-state and ±4.6mA when one channel is selected, as well 
as the reduced ±SV supply voltage, conserves power, simpli- 
fies the power supply design, 
and results 
in cooler, more 


reliable operation. 


CIRCUIT 
LAYOUT 


The high-frequency 
performance 
of the MPCIOO can be 


greatly affected 
by the physical 
layout of the circuit. The 


following 
tips are offered as suggestions, 
not as absolutes. 


Oscillations, 
ringing, 
poor bandwidth 
and settling, 
higher 


crosstalk, and peaking are all typical problems which plague 
high-speed 
components 
when they are used incorrectly. 


• Bypass power supplies very close to the device pins. Use 


tantalum chip capacitors (approximately 
2.2l!f), a parallel 
470pF ceramic 
chip capacitor 
may be added if desired. 


Surface-mount 
types are recommended 
due to their low 


lead inductance. 


• PC board traces for signal and power lines should be wide 
to reduce impedance 
or inductance. 


• Make short and low inductance traces. The entire physical 
circuit layout should be as small as possible. 


• Use a low-impedance 
ground plane on the component 
side 
to ensure that low-impedance 
ground is available through- 
out the layout. Grounded 
traces between the input traces 


are essential to achieve high interchannel 
crosstalk rejec- 
tion. Refer to the suggested 
layout shown in Figure 6. 


• Do not extend 
the ground 
plane under high-impedance 


nodes sensitive to stray capacitances, 
such as the buffer's 


input terminals. 


• Sockets are not recommended 
because 
they add signifi- 


cant inductance 
and parasitic 
capacitance. 
If sockets are 
required, 
use zero-profile 
solderless 
sockets. 


• Use low-inductance 
and surface-mounted 
components 
to 
achieve the best AC-performance. 


• A resistor (lOOn to 200n) 
in series with the input of the 


buffers may help to reduce peaking. Place the resistor as 
close as possible to the pin. 


• Plug-in 
prototype 
boards and wire-wrap 
boards will not 


function 
well. 
A clean 
layout 
using 
RF techniques 
is 
essential. 
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Wide-Bandwidth 
DUAL 2 x 1 VIDEO MULTIPLEXER 


• 
BANDWIDTH: 
210MHz (1.4Vp-p) 


• 
LOW INTERCHANNEL 
CROSSTALK: 


-68dB 
(30MHz, SO); -58dB 
(30M Hz, DIP) 


• 
LOW SWITCHING 
TRANSIENTS: 
+6mV/-8mV 


• 
LOW DIFFERENTIAL 
GAIN/PHASE 
ERRORS: 
0.02%, 0.02° 


• 
LOW QUIESCENT 
CURRENT: 
One Channel 
Selected: 
±4.6mA 
No Channel 
Selected: 
±250flA 


APPLICATIONS 


• 
VIDEO ROUTING 
AND MULTIPLEXING 
(CROSSPOINTS) 


• 
RADAR 
SYSTEMS 


• 
DATA ACQUISITION 


• 
INFORMATION 
TERMINALS 


• 
SATELLITE 
OR RADIO LINK IF ROUTING 


The MPC102 is dual, wide-bandwidth, 
2-to-1 channel 
video signal multiplexer, 
which can be used in a wide 
variety of applications. 


It was designed for wide-bandwidth 
systems, 
includ- 
ing high-definition 
television 
and broadcast 
equip- 
ment. 
Although 
it is primarily 
used to route video 
signals, 
the harmonic 
and dynamic 
attributes 
of the 
MPCI02 
also make 
it appropriate 
for other analog 
signal routing applications 
such as radar, communica- 
tions, computer 
graphics, 
and data acquisition 
sys- 


tems. 


The MPCI02 
consists 
of four identical 
monolithic, 
integrated, 
open-loop 
buffer 
amplifiers. 
Two 
buffer 
outputs 
are each connected 
internally 
at the output. 


The bipolar complementary 
buffers form a unidirec- 


tional 
transmission 
path 
and 
offer 
extremely 
high 
output-to-input 
isolation. 
The 
MPC102 
multiplexer 
enables the user to connect one of two input signals to 
the corresponding 
output. 
The output 
of the multi- 


plexer is in a high-impedance 
state when no channel is 
selected. When one channel is selected with a digital 
"I" 
at the corresponding 
SEL input, the component 
acts as a buffer with high input impedance 
and low 
output impedance. 


The 
wide 
bandwidth 
of over 210MHz 
at 
1.4Vp-p 
signal level, high linearity and low distortion, and low 
input voltage noise of 4nVNHZ make this crosspoint 
switch 
suitable 
for RF and video 
applications. 
All 
performance 
is specified 
with ±5V 
supply 
voltage, 
which reduces power consumption 
in comparison 
with 


±15V designs. The multiplexer 
is available in a space- 


saving 
14-pin SO and DIP packages. 
Both are de- 


signed and specified 
for operation 
over the industrial 


temperature 
range (-40°C 
to +85°C.) 
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SEL, 
SEL, 
SEL. 
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v""" 
0 
0 
0 
0 
HI-Z 
HI-Z 
, 
0 
0 
0 
IN, 
HI-Z 


0 
, 
0 
0 
IN, 
HI-Z 


0 
0 
1 
0 
HI-Z 
IN, 


0 
0 
0 
1 
HI-Z 
IN. 
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SPECIFICATIONS 


MPC102AP. 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC CHARACTERISTICS 


INPUT OFFSET VOLTAGE 
R1N == 0, RSOUACE 
'" 0 
Initial 
14 
±30 
mV 


vs Temperature 
60 
~VI"C 
vs Supply (Tracking) 
Vcc = ±4.5V to ±5.5V 
-40 
-74 
dB 


vs Supply (Non-tracking) 
Vcc • +4.5V to +5.5V 
-50 
dB 


vs Supply (Non-tracking) 
Vcc = -4.5V 
to -5.5V 
-50 
dB 
Initial Matching 
All Four Buffers 
±3 
mV 


INPUT BIAS CURRENT 
Initial 
4 
±10 
~ 
vs Temperature 
20 
nAloC 


vs Supply (Tracking) 
Vcc = ±4.5V to ±5.5V 
±710 
nAIV 
vs Supply (Non-tracking) 
Vcc = +4.5V to +5.5V 
0.26 
~AIV 
vs Supply (Non-tracking) 
Vcc = -4.5V 
to -5.5V 
1.7 
~AIV 
N 


INPUT IMPEDANCE 
0 


Resistance 
Channel On 
0.88 
MQ 
T"" 


Capacitance 
Channel On 
1.0 
pF 
0 


Capacitance 
Channel Off 
1.0 
pF 
D. 


INPUT NOISE 
== 
Voltage Noise Density 
fOUT = 20kHz to 10MHz 
4.0 
nV/{Hz 


Signal-la-Noise 
Ratio 
SIN = 0.7/(V'N • -i5MHZ) 
-98 
dB •• 


INPUT VOLTAGE 
RANGE 
Gain Error::: 
10% 
±3.6 
V 


TRANSFER 
CHARACTERISTICS 


Voltage Gain 
Rl = 1kil, 
VIN"" ±2V 
0.982 
VN 
CJ) 
Voltage Gain 
Rl = 10ka, 
V,N = ±2.8V 
0.98 
0.992 
VN 


RATED OUTPUT 
a: 


Voltage 
V1N = ±3V, AL = 1Qkn 
±2.8 
±2.98 
V 
W 


Resistance 
One Channel Selected 
11 
Q 
>< 


Resistance 
No Channel Selected 
900 
MQ 
W 


Capacitance 
No Channel Selected 
1.5 
pF 
-J 


CHANNEL 
SELECTION 
INPUTS 
D. 


Logic 1 Voltage 
+2 
Vcc 
V 
5 
Logic 0 Voltage 
+0.8 
V 
Logic 1 Current 
VSEl = 5.0V 
100 
150 
~ 
~ 
Logic 0 Current 
VSEL 
= O.BV 
5 
~ 


SWITCHING 
CHARACTERISTICS 
V'N = ~.3V 
to +0.7V, 1 = 5MHz 
== 
SEL to Channel ON Time 
90% Point 01 VOOT = 1Vp-p 
0.25 
~s 
SEL to Channel OFF Time 
10% Point of Vovr = 1Vp-p 
0.25 
~s 
Switching 
Transient, 
Positive 
Measured While Switching 
6 
mV 


Switching 
Transient, 
Negative 
Between Two Grounded 
Channels 
-ll 
mV 


POWER SUPPLY 
Rated Voltage 
±5 
V 


Derated Performance 
±4.5 
±5.5 
V 
Quiescent 
Current 
One Channel Selected 
±4.6 
±5 
mA 


No Channel Selected 
±250 
±350 
~ 


Rejection Ratio 
-ll0 
dB 


TEMPERATURE 
RANGE 


Operating 
-40 
+85 
°C 
Storage 
-40 
+125 
°C 


Thermal 
Resistance, 
9JA 
90 
°CIW 


The information provided herein is belieVed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR· BROWN does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 


MPC102AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LARGE 
SIGNAL 
BANDWIDTH 
(-3d B) 
VOUT 
= 5.0Vp-p, COUT 
= 1pF 
55 
MHz 
VOUT 
= 2.8Vp-p, COUT 
= 1pF 
100 
MHz 


VOUT 
= l.4Vp-p, 
COUT 
= lpF 
210 
MHz 


SMALL 
SIGNAL 
BANDWIDTH 
VOUT 
= 0.2Vp-p, COUT 
= lpF 
370 
MHz 


GROUP DELAY TIME 
450 
ps 


DIFFERENTIAL 
GAIN 
f = 4.43MHz, 
V,N = 0.3Vp-p 
VDC = 0 to 0.7V 
0.02 
% 


DIFFERENTIAL 
PHASE 
f = 4.43MHz, 
V,N = 0.3Vp-p 
VDC = 0 to 0.7V 
0.02 
Degrees 


GAIN FLATNESS 
PEAKING 
VOUT 
= 0.2Vp-p, DC to 30M Hz 
0.04 
dB 
VOUT 
= 0.2Vp-p, DC to 100MHz 
0.05 
dB 


HARMONIC 
DISTORTION 
f = 30MHz, VOUT 
= l.4Vp-p, 
Rl 
= 350Q 
Second Harmonic 
-<;4 
dBc 


Third Harmonic 
-<;6 
dBc 


CROSSTALK 
V,N = l.4Vp-p 
MPC102AP 
All Hostile 
f = 5MHz, 
-75 
dB 
f = 30M Hz, 
-58 
dB 
Off Isolation 
f = 5MHz, 
-70 
dB 
f = 30M Hz, 
-71 
dB 
MPC102AU 
All Hostile 
f = 5MHz, 
-78 
dB 
f = 30M Hz, 
-<;8 
dB 
Off Isolation 
f = 5MHz, 
-75 
dB 
f = 30MHz 
-76 
dB 


TIME DOMAIN 


RISEIFALL 
TIME 
VOUT = 1.4Vp-p, Step 10% to 90% 


COUT 
= 1pF, 
ROUT 
= 22Q 
2.5 
ns 


SLEW RATE 
VOUT 
= l.4Vp-p 
COUT 
= lpF 
500 
V/)JS 


COUT 
= 22pF 
360 
V/)JS 
COUT 
= 47pF 
260 
V/)JS 
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Analog Input Voltage (IN, through IN,). 
. 
±Vcc. ±0.7V 
Operating Temperature.. 
. 
-40°C to +85°C 
Storage Temperature.. 
. 
-40'C 
to +125'C 
Output Current. 
. 
±6mA 
Junction Temperature. 
. 
+150°C 


Lead Temperature 
(soldering, 
10s).. 
. 
+300'C 
Digital Input Voltages (SEL, through SEL,) . 
.. -{J.5V to +Vcc +0.7V 
Logic Voltage Input. 
. 
-{J.6V to +Vcc +0.6V 


MODEL 
DESCRIPTION 
TEMPERATURE 
RANGE 


MPC102AP 
14-Pin Plastic DIP 
-40'C 
to +85'C 
MPC102AU 
14-Pin SOIC 
-40'C 
to +85'C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


MPC102AP 
14-Pin DIP 
010 
MPC102AU 
14-Pin SOIC 
235 


PIN 


IN,. IN, 


IN3,IN4 


GND 


SEL,. 
SEL, 


VOUT1 


VOUT2 


-Vec 


+Vcc 


DESCRIPTION 


Analog Inputs Channell 
and 2 


Analog Inputs Channel 3 and 4 


Analog Shielding Grounds, 
Connect to System Ground 


Channel Selection 
Inputs 


Analog Output 1 


Analog Output 2 


Negative Supply Voltage; typical -5VDC 


Positive Supply Voltage; typical +5VDC 


PAD 
FUNCTION 


1 
Input 1 
2 
Ground 
3 
Input 2 
4 
+5V Supply 
5 
Input 3 
6 
Ground 
7 
Input 4 
8 
Select 4 
9 
Select 3 
10 
Output 2 
11 
-5V 
Supply 
12 
Output 1 
13 
Select 2 
14 
Select 1 


Substrate 
Bias: 
Negative Supply. 


NC: No Connection. 
Wire Bonding: Gold wire bonding is recommended. 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
51 x76±5 
1.295 x 1.93±0.13 


Die Thickness 
14±1 
0.55 ±0.025 


Min. Pad Size 
4x4 
0.10xO.l0 


Backing: Titanium 
0.02. +0.05, 
0.0005. +0.0013. 


-{J.O 
-{J.O 


Gold 
0.30, ±O.OS 
0.0076, ±0.0013 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 
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APPLICATIONS INFORMATION 


The 
MPC102 
operates 
from ±5V 
power 
supplies 
(±6V 


maximum). 
Do not attempt 
to operate 
with larger power 


supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited 
or protected. If the output is 


shorted to ground, currents up to 18mA could flow. Momen- 
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent 
damage. 


INPUT PROTECTION 


As shown 
below, 
all pins on the MPC102 
are internally 
protected from ESD by a pair of back -to-back reverse-biased 
diodes to either power supply. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about O.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 


present. 
The diodes can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, however, diode current should be externally lim- 
ited to IOmA whenever 
possible. 


The internal 
protection 
diodes 
are designed 
to withstand 


2.5kV 
(using Human 
Body Model) 
and will provide 
ad- 


equate 
ESD protection 
for most normal 
handling 
proce- 


dures. However, 
static damage can cause subtle changes in 
the characteristics 
of the buffer 
amplifier 
input 
without 


necessarily 
destroying the device. In precision buffer ampli- 


fiers, such damage may cause a noticeable 
degradation 
of 


offset voltage and drift. Therefore, static protection is strongly 
recommended 
when handling the MPC102. 


Static damage 
has been well-recognized 
as a problem 
for 


MOSFET 
devices, 
but any semiconductor 
device deserves 
protection 
from 
this 
potentially 
damaging 
source. 
The 
MPCI02 
incorporates 
on-chip 
ESD protection 
diodes 
as 
shown 
in Figure 
1. Thus the user does not need to add 


external protection 
diodes, which can add capacitance 
and 
degrade AC performance. 


+V 
ESO Protection diodes 


cc 
internally connected to all pins. 


,_""~------- 
'~m'O~" 


-Vcc 


DISCUSSION 
OF PERFORMANCE 


The MPC102 
is a dual, 2 x I, wide-band 
analog 
signal 
multiplexer. 
It allows the user to connect 
one of the two 
inputs (IN,/IN,or 
INjIN4) 
to the cOITesponding output. The 
switching speed between two input channels is typically less 
than 300ns. 


However, 
in contrast 
to signal switches 
using CMOS 
or 
DMOS transistors, 
the switching 
transients 
are very low at 


+6mV and -8mV. 
The MPC102 
consists 
of four identical 
unity-gain buffer amplifiers. 
Two of the four amplifiers 
are 
connected 
together 
internally 
at the output. The open-loop 
buffer amps, which consist of complementary 
emitter fol- 
lowers, 
apply no feedback 
so their low-frequency 
gain is 
slightly less than unity and somewhat dependent on loading. 
Unlike devices using MOS bilateral switclting elements, the 
bipolar complementary 
buffers form a unidirectional 
trans- 


mission path, thus providing 
high output-to-input 
isolation. 


Switching stages compatible 
to TIL-Ievel 
digital signals are 


provided for each buffer to select the input channel. When 
no channel is selected, 
the outputs of the device are high- 


impedance. 
This allows the user to wire several MPCI02s 


together to create multichannel 
switch matrices. 


Chip 
select 
logic 
is not integrated. 
The 
selected 
design 


increases 
the flexibility 
of address 
decoding 
in complex 


distribution 
fields, eases bus-controlled 
channel 
selection, 


simplifies 
channel 
selection 
monitoring 
for the user, and 
lowers transient peaks. All of these characteristics 
make the 


multiplexer, 
in effect, a quad switchable 
high-speed 
buffer. 


The buffers require DC coupling 
and termination 
resistors 
when driven directly 
from a low-impedance 
cable. High- 


current 
output 
amplifiers 
are recommended 
when driving 


low-impedance 
transmission 
lines or inputs. 


An advanced complementary 
bipolar process, consisting 
of 


pn-junction 
isolated, high-frequency 
NPN and PNP transis- 
tors, 
provides 
wide 
bandwidth 
while 
maintaining 
low 


crosstalk 
and 
harmonic 
distortion. 
Bandwidth 
of 
over 


210MHz at an output voltage of 1.4Vp-p allows the design 
of multi-channel 
crosspoint 
or distribution 
fields in HDTV- 
quality with an overall system bandwidth 
of 36MHz. 
The 


buffer 
amplifiers 
also offer low differential 
gain (0.02%) 


and phase (0.02°) errors. These parameters 
are essential for 
video applications 
and demonstrate 
how well the signal path 
maintains 
a constant 
small-signal 
gain and phase for the 


low-level 
color subcarrier 
at 4.43MHz 
(PAL) or 3.58MHz 
(NSTC) 
as the luminance 
signal 
is ramped 
through 
its 
specified 
range. The bipolar construction 
also ensures 
that 


the input impedance remains high and constant between ON 
and OFF states. The ON/OFF input capacitance 
ratio is near 


unity and does not vary with power supply voltage varia- 
tions. The low output capacitance 
of 1.5pF when no channel 


is selected is a very important 
parameter 
for large distribu- 
tion fields. Each parallel output capacitance 
is an additional 
load and reduces the overall system bandwidth. 


Bipolar 
video crosspoint 
switches 
are virtually 
glitch-free 
when compared 
to signal switches using CMOS or DMOS 


devices. 
The MPCI02 
operates 
with a fast make-before- 


break switching 
action to keep the output 
switching 
tran- 
sients 
small 
and 
short. 
Switching 
from 
one channel 
to 
another 
causes the signal to mix at the output for a short 


time, but it interferes minimally 
with the input signals. The 


transient 
peaks 
remain 
less than +6mV 
and -8mV. 
The 
generated 
output 
tran<ients 
are extremely 
small, 
so DC 
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clamping 
during 
switching 
between 
channels 
is unneces- 
sary. DC clamping 
during the switching 
dead time is re- 


quired 
to avoid synchronization 
by large negative 
output 
glitches in subsequent 
equipment. 


The SEL-to-channel-ON 
time is typically 25ns and is always 


shorter than the typical SEL-to-channel-OFF 
time of 250ns. 
In the worst case, an ON/OFF margin of l50ns ensures safe 
switching 
even for timing 
spreads 
in the digital 
control 
latches. 
The 
short 
interchannel 
switching 
time of 300ns 


allows 
channel 
change 
during 
the vertical 
blanking 
time, 


even in high-resolution 
graphic 
or broadcast 
systems. 
As 
shown in the typical performance 
curves, the signal enve- 
lope during transition from one channel to another rises and 
falls symmetrically 
and shows less overshooting 
and DC 


settling effects. 


Power consumption 
is a serious 
problem 
when designing 


large crosspoint 
fields with high component 
density. Since 


most 
of the buffer 
amplifiers 
are in the off-state, 
one 


important 
design 
goal was to attain 
low off-state 
quies- 


cent current 
when no channel 
is selected. 
The low supply 
current 
of ±250~ 
when 
no channel 
is selected 
and 


±4.6mA 
when 
one channel 
is selected, 
as well 
as the 


reduced 
±5V supply voltage, 
conserves 
power, simplifies 


the 
power 
supply 
design, 
and 
results 
in cooler, 
more 


reliable 
operation. 


CIRCUIT 
LAYOUT 


The high-frequency 
performance 
of the MPC102 
can be 


greatly affected 
by the physical 
layout of the circuit. The 


following 
tips are offered as suggestions, 
not as absolutes. 


Oscillations, 
ringing, 
poor bandwidth 
and settling, 
higher 


crosstalk, and peaking are all typical problems which plague 
high-speed 
components 
when they are used incorrectly. 


• Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors 
(approximately 
2.2J.lF), a parallel 
470pF ceramic 
chip capacitor 
may be added if desired. 
Surface-mount 
types are recommended 
due to their low 
lead inductance. 


• PC board traces for signal and power lines should be wide 


to reduce impedance. 


• Make short and low inductance 
traces. The entire circuit 


layout should be as small as possible. 


Use a low-impedance 
ground plane on the component 
side 


to ensure that low-impedance 
ground is available through- 
out the layout. Grounded 
traces between the input traces 


are essential to achieve high interchannel 
crosstalk rejec- 
tion. 


• Do not extend 
the ground 
plane under high-impedance 
nodes sensitive to stray capacitances, 
such as the buffer's 


input terminals. 


• Sockets are not recommended, 
because they add signifi- 
cant inductance 
and parasitic capacitance. 
If sockets are 


required, 
use zero-profile 
solderless 
sockets. 


• Use low-inductance 
and surface-mounted 
components 
for 
best ac-performance. 


• A resistor (lOOQ to 200Q) in series with the input of the 
buffers may help to reduce peaking. 
Place the resistor as 


close as possible to the pin. 


• Plug-in prototype 
boards and wire-wrap 
boards will not 
function 
well. 
A clean 
layout 
using 
RF techniques 
is 


essential. 


GNO('il+ 


BURR - BROWNe 
IElElI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


VOlm 
son 
''''' 


20 


CD~ 
-" 
-20 --+ 
~e 
() 
-40 


v~"'" 
OJ" 
~~ 
-{;O 
e 
~ 
-{;O 


SEll 
0 


SEl2 
1 


SEl3 
0 
-100 
SEl4l 


100k 
1M 
100M 
300M 


Frequency (Hz) 


VOU'l'5OCI 


20 


CD 
V=, 
~ 
-" 
-20 
•• 
1:le 
() 
-40 


V0U'I2 son 
~~ 
-{;O 
j 
-{;O 


V~ 
SEll 
0 
Jlkn 


SEl2 
1 
SEL3 0 
SEl4 
1 
-100 
100k 
1M 
10M 
100M 
300M 


Frequency (Hz) 


VOU'I' 50CI 
20 


V=, 
CD 
-20 
~ 
c0 
.~ 
-40 


V~"'" 
~ 
'" 
-{;O 
0 


-{;O 


V~ 
SEll 
0 
J'''' 


SEl2 
0 
-100 
SEL3 
0 


SEl4 
0 
lOOk 
1M 
10M 
100M 
300M 


Frequency (Hz) 


BURR· 
BROWNe 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
1E3E31 


CH1J1~ 


CH2J2~ 


BURR - BROWNe 
I~~I 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


J5 


~OUT1 


J. 


~OUT2 


J10 


~SEl4 


Clock 
STR 


OE 


BURR - BROWN® 
IElElI 


Wide-Bandwidth 
2 x 1 VIDEO MULTIPLEXER 


• 
BANDWIDTH: 
210MHz (1.4Vp-p) 


• 
LOW INTERCHANNEL 
CROSSTALK: 
-79dB 
(30MHz, SO); -77dB 
(30M Hz, DIP) 


• 
LOW SWITCHING 
TRANSIENTS: 
+13mVl-4mV 


• 
LOW DIFFERENTIAL 
GAIN/PHASE 
ERRORS: 
0.03%, 0.010 


• 
LOW QUIESCENT 
CURRENT: 
One Channel 
Selected: 
±4.6mA 
No Channel 
Selected: 
±120llA 


APPLICATIONS 


• 
VIDEO ROUTING 
AND MULTIPLEXING 
(CROSSPOINTS) 


• 
RADAR 
SYSTEMS 


• 
DATA ACQUISITION 


• 
INFORMATION 
TERMINALS 


• 
SATELLITE 
OR RADIO LINK IF ROUTING 


The MPCI04 
is a wide-bandwidth, 
2-to-1 
channel 


video signal multiplexer, 
which can be used in a wide 
variety of applications. 


It was designed 
for wide-bandwidth 
systems, 
includ- 
ing high-definition 
television 
and broadcast 
equip- 
ment. 
Although 
it is primarily 
used to route video 
signals, 
the harmonic 
and dynamic 
attributes 
of the 
MPClO4 
also make 
it appropriate 
for other analog 
signal routing applications 
such as radar, communica- 


tions, computer 
graphics, 
and data acquisition 
sys- 
tems. 


The MPCI04 
consists 
of two identical 
monolithic, 


integrated, 
open-loop 
buffer 
amplifiers, 
which 
are 
connected internally at the output. The bipolar comple- 
mentary 
buffers 
form a unidirectional 
transmission 


path and offer extremely 
high output-to-input 
isola- 
tion. The MPCI04 
multiplexer 
enables 
the user to 
connect one of two input signals to the output. The 
output of the multiplexer 
is in a high-impedance 
state 
when no channel 
is selected. 
When 
one channel 
is 


selected with a digital" 
I" at the corresponding 
SEL 


input, the component 
acts as a buffer with high input 


impedance 
and low output impedance. 


The 
wide bandwidth 
of over 
2lOMHz 
at 
l.4Vp-p 
signal level, high linearity and low distortion, and low 
input voltage noise of 5nVj--JHZ make this crosspoint 
switch 
suitable 
for RF and video 
applications. 
All 


performance 
is specified 
with ±5V 
supply 
voltage, 


which reduces power consumption 
in comparison 
with 


±15V designs. The multiplexer 
is available in a space- 


saving 8-pin SO and DIP packages. Both are designed 
and specified 
for operation 
over the industrial 
tem- 


perature range (-40°C 
to +85°C.) 


SEL, 
SEL, 
v"", 


0 
0 
HI-Z 


1 
0 
IN, 


0 
1 
IN, 
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MPC104AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET 
VOLTAGE 


Initial 
14 
±30 
mV 
vs Temperature 
60 
~V/·C 


vs Supply (Tracking) 
Vcc = ±4.5V to ±5.5V 
-40 
-80 
dB 


vs Supply (Non-tracking) 
Vcc = +4.5V to +5.5V 
-50 
dB 
vs Supply (Non-tracking) 
Vcc = -4.5V 
to -.5.5V 
-50 
dB 


Initial Matching 
All Buffers 
3 
mV 


INPUT BIAS CURRENT 
Initial 
5 
±10 
~ 
vs Temperature 
20 
nArC 
vs Supply (Tracking) 
Vcc = ±4.5V to ±5.5V 
±710 
nAN 


vs Supply (Non-tracking) 
Vcc = +4.5V to +5.5V 
0.26 
~AN 


vs Supply (Non-tracking) 
Vcc = -4.5V 
to -5.5V 
1.7 
~AN 


INPUT IMPEDANCE 
Resistance 
Channel On 
0.88 
Mn 


Capacitance 
Channel On 
1.0 
pF 


Capacitance 
Channel Off 
1.0 
pF 


INPUT NOISE 
Voltage 
Noise Density 
'OUT = 20kHz to 10MHz 
5 
nV/v'RZ 


Signal-la-Noise 
Ratio 
SIN = 0.7NN 
• .J5MHz 
-96 
dB 


INPUT VOLTAGE 
RANGE 
Gain Error::: 10% 
±3.6 
V 


TRANSFER 
CHARACTERISTICS 


Voltage 
Gain 
RL = 1ill, V,N = ±2V 
0.982 
VN 


RL = 10kn, V,N = ±2.8V 
0.98 
0.992 
VN 


RATED OUTPUT 
Voltage 
V1N 
"" ±3V 
±2.8 
±2.97 
V 
Resistance 
One Channel Selected 
12.5 
n 


Resistance 
No Channel Selected 
900 
Mn 
Capacitance 
No Channel selected 
1.2 
pF 


CHANNEL 
SELECTION 
INPUTS 
Logic 1 Voltage 
+2 
Vec +0.6 
V 
Logic 0 Voltage 
+0.8 
V 
Logic 1 Current 
VSEl:: 
5.0V 
75 
100 
125 
~A 
Logic 0 Current 
VSEL = 0.8V 
0.002 
5 
~ 


SWITCHING 
CHARACTERISTICS 
V, = -{).3V 
to +O.N, , = 5MHz 
SEL to Channel ON Time 
90% Point of V0lfT :: 1Vp-p 
0.13 
~s 


SEL to Channel OFF Time 
10% Point of Your = 1Vp-p 
0.17 
~s 


Switching 
Transient, 
Positive 
(Measured 
While SWitching 
+13 
mV 
Switching 
Transient. 
Negative 
Between 
Two Grounded 
Channels) 
-4 
mV 


POWER SUPPLY 
Rated Voltage 
±5 
V 
Derated 
Performance 
±4.5 
±5.5 
V 


Quiescent 
Current 
One 
Channel 
Selected, 
Over Temperature 
±4.6 
±5.3 
mA 
10 Channel 
Selected, 
Over Temperature 


l 


±120 
±175 
~A 


Rejection 
Ratio 
-80 
dB 


The information provided herein is beHeved to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this Information, 
and all use of such Information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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MPC104AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LARGE 
SIGNAL 
BANDWIDTH 
(-3dB) 
Vool: 
5.0Vp-p, COOl = 1pF 
55 
MHz 
VOtJT: 2.8Vp-p, COlJT= 1pF 
101 
MHz 
VOUT: 
1.4Vp-p, COUT= 1pF 
210 
MHz 


SMAll 
SIGNAL 
BANDWIDTH 
VOUT= 0.2Vp-p, COUT= 1pF 
590 
MHz 


GROUP DELAY 
TIME 
550 
ps 


DIFFERENTIAL 
GAIN 
f : 4.43MHz, 
V,N = 0.3Vp-p 
VDC = 0 to 0.7V 
0.03 
% 


DIFFERENTIAL 
PHASE 
f = 4.43MHz, 
V,N = 0.3Vp-p 
VDC = 0 to 0.7V 
0.01 
Degrees 


GAIN FLATNESS 
PEAKING 
Vool : 0.2Vp-p, DC to 30MHz 
0.05 
dB 
Vool = O.2Vp-p, DC to 100MHz 
0.07 
dB 


HARMONIC 
DISTORTION 
f : 30MHz, VOUT= 1.4Vp-o 
Second Harmonic 
433 
dBc 
Third Harmonic 
435 
dBc 


CROSSTALK 
V,N = 1.4Vp-p 
MPC104AP 
All Hostile 
f = 5MHz, 
-90 
dB 
f = 30MHz, 
-77 
dB 
Off Isolation 
f = 5MHz, 
-93 
dB 


f: 
30M Hz, 
-81 
dB 
MPC104AU 
All Hostile 
f = 5MHz, 
-95 
dB 
f = 30M Hz, 
-79 
dB 
Off Isolation 
f = 5MHz, 
-93 
dB 


f = 30M Hz 
-86 
dB 


RISE/FAll 
TIME 
VOUT 
= 1.4Vp-p, Step 10% to 90% 
COUT: 
1pF, ROUT= 22Q 
2.3 
ns 


SLEW 
RATE 
Vool: 
1.4Vp-p 
Cool: 
1pF 
500 
VI~s 


COUT: 22pF 
360 
V/~s 


COUT= 47pF 
260 
V/~s 
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PIN 
DESCRIPTION 


IN" 
IN, 
Analog Input Channels 


GND 
Analog 
Input Shielding 
Grounds, 


Connect 
to System 
Ground 


SEL,. SEt., 
Channel 
Selection 
Inputs 


VOUT 
Analog 
Output; 
tracks selected 
channel 


-Vcc 
Negative 
Supply Voltage; typical -SVDC 


+Vcc 
Positive Supply Voltage; typical +SVDC 


Power Suppiy Voltage (±Vccl 
. 
. 
±6VDC 
Analog Input Voltage (IN, through IN,) 
±Vcc• ±0.7V 
Operating Temperature.. 
... -40°C to +85°C 
Storage Temperature 
-40OC to +125°C 
Output Current 
,_ 
±6mA 


Junction Temperature 
+150°C 


Lead Temperature 
(soldering, 
1Os) .. 
.............•.....•.............•..•. 
+300°C 


Digilallnput 
Voltages (SEL, through SEL,) 
-<l.SV to +Vcc +0.7V 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


MPC104AP 
S-Pin DIP 
006 


MPC104AU 
S-Pin SOIC 
1S2 


MODEL 
DESCRIPTION 
TEMPERATURE 
RANGE 


MPC104AP 
S-Pin Plastic DIP 
-40·C 
to +SS·C 
MPC104AU 
S-Pin SOIC 
-40·C 
to +SS·C 


PAD 
FUNCTION 


1 
Input 1 
2 
Ground 
3 
+SV Supply 


4 
Inpul2 


5 
Select 2 


6 
Output 
7 
-SV Supply 


S 
Select 1 


Substrate 
Bias: Negative Supply. 


NC: No Connection. 
Wire 
Bonding: Gold wire bonding 
is recommended. 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
44x47±S 
1.13x1.19±0.13 


Die Thickness 
14±1 
0.55 ±0.02S 


Min. Pad Size 
4x4 
0.10xO.10 


Backing: Titanium 
0.02, +0.05. 
0.0005. +0.0013, 


-<l.0 
-<l.0 


Gold 
0.30, ±O.OS 
0.0076, ±0.0013 
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TYPICAL PERFORMANCE CURVES 
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150 


100 
:;- 
E- 
50 
" 
C>~ 
0> 
"% 
-50 
0 


-100 
\ 


40 
60 


Time (ns) 
V,N = 0.2Vp-p, COUT = 1pF 


fAlSE 
= tFALL = 2ns 
(Generator) 


40 
60 


Time (ns) 
V,N = 4Vp-p, COUT 
= lpF 


fAlSE 
= tFALL = 2ns (Generator) 


- - - - _~I,,!=:!.~~~-~ 
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100M 
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V,N = 0.2Vp-p, COUT 
= 47pF 


tR1SE = tFALL 
= 2ns 
(Generator) 


40 
60 


Time (ns) 


V,N = 4Vp-p, COUT 
= 47pF 


tAISE 
= tFALL = 2ns (Generator) 


-5 
CD 
:3- 


COUT 
ROUT 
f->dB 
:5 -10 
% 
lpF 
00 
571MHz 
0 
10pF 
2m 
364MHz 
-15 


22pF 
160 
279M Hz 


-20 
33pF 
120 
231MHz 


47pF 
80 
188MHz 


-25 


1M 
10M 
100M 
lG 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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APPLICATIONS INFORMATION 


The 
MPC104 
operates 
from 
±5V 
power 
supplies 
(±6V 
maximum). 
Do not attempt 
to operate 
with larger power 
supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited 
or protected. 
If the output is 


shorted to ground, currents up to 18mA could flow. Momen- 
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent 
damage. 


INPUT PROTECTION 


As shown 
below, 
all pins on the MPCI04 
are internally 
protected from ESD by a pair of back-to-back 
reverse-biased 
diodes to either power supply. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about 0.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while a signal 
source 
is still 


present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 


reliability, however, diode current should be externally 
lim- 


ited to 10mA whenever 
possible. 


The intemal 
protection 
diodes 
are designed 
to withstand 
2.5kV 
(using 
Human 
Body Model) 
and will provide 
ad- 
equate 
ESD protection 
for most normal 
handling 
proce- 
dures. However, 
static damage can cause subtle changes in 
the characteristics 
of the buffer 
amplifier 
input 
without 
necessarily 
destroying the device. In precision buffer ampli- 


fiers, such damage 
may cause a noticeable 
degradation 
of 
offset voltage and drift. Therefore, static protection is strongly 
recommended 
when handling the MPCI04. 


Static damage 
has been well-recognized 
as a problem 
for 
MOSFET 
devices, 
but any semiconductor 
device deserves 


protection 
from 
this 
potentially 
damaging 
source. 
The 
MPCI04 
incorporates 
on-chip 
ESD protection 
diodes 
as 


shown 
in Figure 
I. Thus the user does not need to add 
external protection 
diodes, which can add capacitance 
and 


degrade AC performance. 


+V 
ESD Protection diodes 


cc 
internally connected to all pins. 
""",,. 
~-l~~~~~~~-,,"""" 


-Vcc 


DISCUSSION 
OF PERFORMANCE 


The MPCI04 
is a 2 x I, wide-band 
analog signal multi- 


plexer. It allows the user to connect one of the two inputs 
(IN l/IN2 ) to the output. The 
switching speed between two 
input channels 
is typically less than 300ns. 


However, 
in contrast 
to signal switches 
using CMOS 
or 


DMOS transistors, 
the switching 
transients 
were kept very 


low at +13mV 
and -4mV. 
The MPCI04 
consists 
of two 


identical unity-gain buffer amplifiers, respectively connected 
together internally at the output. The open-loop buffer amps, 
which consist of complementary 
emitter followers, apply no 


feedback 
so their low-frequency 
gain is slightly 
less than 
unity and somewhat 
dependent 
on loading. Unlike devices 


using MOS bilateral switching elements, the bipolar comple- 
mentary 
buffers 
form a unidirectional 
transmission 
path, 


thus 
providing 
high 
output-to-input 
isolation. 
Switching 
stages compatible 
to TTL-Ievel digital signals are provided 
for each buffer to select the input channel. When no channel 
is selected, the outputs of the device are high-impedance 
and 
allow the user to wire several MPC 104s together 
to create 


multichannel 
switch matrices. 


Chip 
select 
logic 
is not integrated. 
The 
selected 
design 


increases 
the flexibility 
of address 
decoding 
in complex 


distribution 
fields, eases BUS-controlled 
channel selection, 


simplifies 
channel 
selection 
monitoring 
for the user, and 


lowers transient peaks. All of these characteristics 
make the 


multiplexer, 
in effect, a quad switchable 
high-speed 
buffer. 


The buffers require DC coupling 
and termination 
resistors 
when driven directly 
from a low-impedance 
cable. High- 
current 
output 
amplifiers 
are recommended 
when driving 


low-impedance 
transmission 
lines or inputs. 
~ 


An advanced complementary 
bipolar process, consisting 
of~ 
pn-junction 
isolated, high-frequency 
NPN and PNP transis- 
tors, 
provides 
wide 
bandwidth 
while 
maintaining 
low 
crosstalk 
and harmonic 
distortion. 
The single chip band- 


width 
of over 210MHz 
at an output 
voltage 
of 1.4Vp-p 
allows the design of multi-channel 
crosspoint or distribution 


fields in HDTV-quality 
with an overall system bandwidth of 
36MHz, or in quality for high resolution graphic and imag- 
ing systems 
with 200MHz 
system 
bandwidth. 
The buffer 
amplifiers also offer low differential 
gain (0.03%) and phase 
(0.01°) 
errors. 
These 
parameters 
are essential 
for video 
applications 
and demonstrate 
how well the signal path main- 
tains a constant small-signal 
gain and phase for the low-level 
color subcarrier 
at 4.43MHz 
(PAL) or 3.58MHz (NSTC) as 


the luminance 
signal is ramped through its specified range. 


The bipolar construction 
also ensures that the input imped- 
ance remains high and constant between ON and OFF states. 
The ON/OFF input capacitance 
ratio is near unity, and does 


not vary with power 
supply 
voltage 
variations. 
The low 
output capacitance 
of 1.2pF when no channel is selected is 


a very important parameter for large distribution 
fields. Each 


parallel output capacitance 
is an additional load and reduces 


the overall system bandwidth. 


Bipolar 
video crosspoint 
switches 
are virtually 
glitch-free 
when compared 
to signal switches using CMOS or DMOS 


devices. 
The MPCI04 
operates 
with a fast make-before- 
break switching 
action to keep the output 
switching 
tran- 


sients 
small 
and 
short. 
Switching 
from 
one channel 
to 


another causes the signal to mix at the output 
for a short 
time, but it hardly 
interferes 
with the input signals. 
The 


transient 
peaks remain 
less than +13mV 
and -4mV. 
The 
generated 
output 
transients 
are extremely 
small, 
so DC 
clamping 
during 
switching 
between 
channels 
is unneces- 
sary. DC clamping 
during 
the switching 
dead time is re- 
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The SEL-to-channel-ON 
time is typically 2Sns and always 
shorter than the typical SEL-to-channel-OFF 
time of 2S0ns. 
In the worst case, an ON/OFF margin of lSOns ensures safe 
switching 
even 
for timing 
spreads 
in the digital 
control 
latches. 
The 
short 
interchannel 
switching 
time of 300ns 
allows channel 
change 
during the vertical 
blanking 
time, 


even in high-resolution 
graphic 
or broadcast 
systems. 
As 
shown in the typical performance 
curves, the signal enve- 
lope during transition from one channel to another rises and 
falls symmetrically 
and shows less overshooting 
and DC 
settling effects. 


Power 
consumption 
is a serious 
problem 
when designing 
large crosspoint fields with high component density. Most of 
the buffer 
amplifiers 
are in the off-state. 
One 
important 
design 
goal was to attain low off-state 
quiescent 
current 
when no channel 
is selected. 
The low supply 
current 
of 
±120lJA when no channel is selected and ±4.6mA when one 
channel 
is selected, 
as well as the reduced 
±5V 
supply 
voltage, conserves 
power, simplifies 
the power supply de- 
sign, and results in cooler, more reliable operation. 


CIRCUIT 
LAYOUT 


The high-frequency 
performance 
of the MPCI04 
can be 
greatly affected 
by the physical 
layout of the circuit. The 
following 
tips are offered as suggestions, 
not as absolutes. 


Oscillations, 
ringing, 
poor bandwidth 
and settling, 
higher 
crosstalk, and peaking are all typical problems which plague 
high-speed 
components 
when they are used incorrectly . 


• Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors (approximately 
2.2!-1F),a parallel 


oJu.lU 
•............ 
-JUUUiH lJPC:) 
c:llC 
lc\;UIIUUt:IlUt:u 
uue 
(0 
merr 
lOW 
lead inductance. 


PC board traces for signal and power lines should be wide 
to reduce impedance 
or inductance. 


• Make short and low inductance traces. The entire physical 
circuit should be as small as possible. 


Use a low-impedance 
ground plane on the component 
side 
to ensure that low-impedance 
ground is available through- 
out the layout. Grounded 
traces between the input traces 
are essential to achieve high interchannel 
crosstalk rejec- 
tion. 


• Do not extend 
the ground 
plane under high-impedance 
nodes sensitive to stray capacitances, 
such as the buffer's 
input terminals. 


Sockets are not recommended, 
because they add signifi- 
cant inductance 
and parasitic capacitance. 
If sockets must 
be used, consider using zero-profile 
solderless 
sockets. 


• Use low-inductance 
and 
surface-mounted 
components. 


Circuits 
using 
all surface 
mount 
components 
with the 
MPCI04 
will offer the best AC-performance. 


• A resistor (lOOn to ISOn) in series with the input of the 
buffers may help to reduce peaking. 
Place the resistor as 
close as possible to the pin. 


• Plug-in prototype 
boards and wire-wrap 
boards will not 
function 
well. 
A clean 
layout 
using 
RF techniques 
is 
essential-there 
are no shortcuts. 
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CHANNEL 
SEL, 
SEL, 
IN, 
IN, 
R ••, 
R"" 


DBl 
1 
0 
GND 
V," 
2000 
1000 


DB2 
0 
1 
V•• 
GND 
1000 
2000 


~ 
~ 


~ 


I 
1 
I 
I 
I 
/ 


MPC104AP 
V 
\ 


L..- 
/f\ 


:;:::.-V 
MPC104A 


I 


I 


ill -40 
~ 
"'-~ 
-60 


eo 
~O 
~ 
J:g -100 
eS 
E 
-120 


ill -40 
~ 
"'- 
-1;0 
~eo 
~O 
c 
.2 


~ 
-100 
5 -120 


10M 


Frequency (Hz) 


10M 


Frequency (Hz) 


For Immediate Assistance, Contact YourLocal Salesperson 


, ............. 


R1N 
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R. 
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500 
1000 
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ROUT 
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12.5GHz 


R1N = 


500 
CHl or CH2 
: 
~OUT 
500 


: 
MPC104 
• 
~..........., 
-: 


Pulse 


Generator 


FIGURE 7. Test Circuit Pulse Response. 
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R'N 


Generator 
750 
1000 


750 
R1N = 
750 


-_ ......... 
-: 


2900 


VOC 


FIGURE 8. Test Circuit Differential 
Gain and Phase. 


-_ .......... 
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R. 
Spectrum 


Generator 
500 
1000 
ROUT 
470 
500 
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OUT 


R1N = 
500 
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~OUT 
500 
i..~:_~~~~ 
..i 


Clock 


STR 


OE 


+5V-5V 


2.2~F 
2.2~F 


+Un: 
10~ 


12-8it 
10MHz 


AID Converter 


MPC104 


3 
7 
2.2~Ffl 


+VS(1) 


2.2~F 


+~ 
en 
"7 
a: 


SEL, 
W 
>< 
W 
..J 


C, 
ROUT 
D. 


~~' 
~ 


RT 
::::):! 


5 


SElz 


"7 
NOTE: (1) +Vs should be within +5V to +10V. 
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7 
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BURR - BROWN® 
IElElI 
MPC506A 
MPC507A 


Single-Ended 
16-Channel/Differential 
a-Channel 
CMOS ANALOG 
MULTIPLEXERS 


FEATURES 


• 
ANALOG 
OVERVOLTAGE 
PROTECTION: 
70Vp-p 


• 
NO CHANNEL 
INTERACTION 
DURING 
OVERVOLTAGE 


• 
BREAK-BEFORE-MAKE 
SWITCHING 


• 
ANALOG 
SIGNAL 
RANGE: 
±15V 


• 
STANDBY 
POWER: 
7.5mW typ 


• 
TRUE SECOND 
SOURCE 


The MPC506A 
is a 16-channel 
single-ended 
analog 
multiplexer, 
and the MPC507 A is an 8-channel differ- 


ential multiplexer. 


The MPC506A 
and MPC507 A multiplexers 
have in- 


put overvoltage 
protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing 
the signal path of other chan- 


nels. The protection circuitry assures that signal fidel- 
ity is maintained 
even 
under 
fault 
conditions 
that 
would destroy other multiplexers. 
Analog inputs can 


withstand 
70Vp-p 
signal 
levels 
and standard 
ESD 


tests. Signal sources are protected 
from short circuits 
should multiplexer 
power loss occur; each input pre- 


sents a lkQ 
resistance 
under this condition. 
Digital 
inputs 
can also sustain 
continuous 
faults 
up to 4V 
greater than either supply voltage. 


These 
features 
make the MPC506A 
and MPC507 A 
ideal for use in systems 
where 
the analog 
signals 
originate from external equipment 
or separately pow- 


ered sources. 


The MPC506A 
and MPC507 A are fabricated 
with 
Burr-Brown's 
dielectrically 
isolated 
CMOS technol- 
ogy. The 
multiplexers 
are available 
in a hermetic 
ceramic 
or plastic 
DIP and plastic 
SOlC 
packages. 


Temperature 
range is -40J+85°C. 


1kfl 
In 2 


Decoderl 


Driver 
1kfl 


In 16 


Overvoltage 
Clamp and 
Signal 
Isolation 


NOTE: (1) Digital 
Input Protection. 


MPC506A 
VREF 
Ao A, 
A, 
A, EN 


1kfl 


In 1A 
~ 
· 
lIill 
Out A 
· 
In8A 


1kn 
In 18· 
1kfl 
Out 8 
· 
In 88 


Overvottage 
Clamp and 
Signal 
Isolation 


BURR - BROW"H. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


Supplies. 
+15V, -15V; 
VREF (Pin 13) : Open: VAH(Logic Level High) = +4.0V; VAL(Logic Level Low) = +0.8V unless otherwise specified. 


MPC506A1MPC507A 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
CHANNEL 
CHARACTERISTICS 


Vs, Analog Signal Range 
Full 
-15 
+15 
V 


RoN, On Resistance(1) 
+25°C 
1.3 
1.5 
kQ 


Full 
1.5 
1.8 
kQ 


Is (OFF), Off Input Leakage Current 
+25°C 
0.5 
nA 


Full 
10 
nA 


10 (OFF), Off Output Leakage Current 
+25°C 
0.2 
nA 
MPC506A 
Full 
nA 
MPC507A 
Full 
nA 
10(OFF) whh Input Overvoltage 
Appliedl2) 
+25°C 
4.0 
nA 


Full 
~A 


10 (ON), 
On 
Channel 
Leakage 
Current 
+25°C 
nA 
MPC506A 
Full 
10 
nA 
MPC507A 
Full 
10 
nA 


IOtFF Differential Off Output Leakage Current 


(MPC507A Only) 
Full 
10 
nA 


DIGITAL 
INPUT CHARACTERISTICS 


VAlt Input Low Threshold 
Full 
0.8 
V 


VAH' Input High Thresholdl') 
Full 
4.0 
V 


VAl. MOS Drive(4) 
+25°C 
0.8 
V 
V AH. MOS 
Drive(4) 
+25°C 
6.0 
V 
lA' Input Leakage Current (High or Low)IS) 
Full 
1.0 
~ 


SWITCHING 
CHARACTERISTICS 


tAl Access Time 
+25°C 
0.3 
~ 


Full 
0.6 
~s 


toPEN,Break·Before-Make 
Delay 
+25°C 
25 
80 
ns 


!oN (EN), Enable Delay (ON) 
+25°C 
200 
ns 


Full 
500 
ns 


loFF (EN), Enable Delay (OFF) 
+25°C 
250 
ns 


Full 
500 
ns 


Settling Time (0.1 %) 
+25°C 
1.2 
~s 


(0.01%) 
+25°C 
3.5 
~s 


"OFF 
Isolation"(6) 
+25°C 
50 
68 
dB 
Cs (OFF), Channel Input Capacitance 
+25°C 
5 
pF 
Co (OFF), Channel Output Capacitance: 
MPC506A 
+25°C 
50 
pF 
MPC507A 
+25°C 
25 
pF 
CA, Digital Input Capacitance 
25°C 
5 
pF 
CDS,(OFF), Input to Output Capacitance 
+25°C 
0.1 
pF 


POWER REQUIREMENTS 
po. Power Dissipation 
Full 
7.5 
mW 
1+,Current Pin 1(7) 
Full 
0.7 
1.5 
mA 
h 
Current Pin 27(7) 
Full 
5 
20 
~ 


NOTES: (1) Voor = ±1 OV, loor: 
-1 OO~. (2) Analog overvoltage = ±33V. (3) To drive from DTUTTL circuits. 1ill pull-up resisto', 
to +5.0V supply are recommended. 
(4) VREF = +10V. 
(5) Digital 
input 
leakage 
is primarily 
due to the clamp 
diodes. 
Typical 
leakage 
is less than 
lnA 
at 25°C. 
(6) VEN = 0.8V, 
RL = 1kQ, 


CL = 15pF, Vs = 7Vrms, f = 100kHz. 
Worst-case 
isolation occurs on channelS 
due to proximity of the output pins. (7) VEN, VA = OV or 4.0V. 


Tho information 
providod 
horoin is boliovecl to b9 reliable; however, 
BUR 
-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without 
notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR·BROWN 
product for use in life support devices and/or systems. 
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Top View 
Top View 


+VSUPPlY 
28 
Out 
+VSUPPlY 
OulA 


NC 
27 
-VSUPPLY 
Out 8 
-VSUPPLY 


NC 
26 
In 8 
NC 
In8A 


In 16 
4 
25 
In 7 
In 88 
In7A 


In 15 
5 
24 
In 6 
In 78 
In6A 


In 14 
23 
In 5 
In 68 
In5A 


In 13 
22 
In 4 
In 58 
In4A 


In 12 
21 
In 3 
In 48 
In3A 


In 11 
9 
20 
In 2 
In 38 
In2A 


In 10 
19 
In 1 
In 28 
19 
In 1A 


In 9 
18 
Enable 
In 18 
18 
Enable 


Ground 
17 
Address Ao 
Ground 
17 
Address A, 


VREF 
16 
Address 
Al 
VREF 
16 
Address 
A1 


Address 
A3 
15 
Address A, 
NC 
14 
15 
Address A, 


MPC506A 
(Ceramic) 
MPC507A 
(Ceramic) 


MPC506A 
(Plasticl 
MPC507A (Plastic) 


TRUTH TABLES 


MPC506A 
MPC507A 


"ON" 


A. 
A, 
A, 
A, 
EN 
CHANNEL 


X 
X 
X 
X 
L 
None 
L 
L 
L 
L 
H 
1 


L 
L 
L 
H 
H 
2 


L 
L 
H 
L 
H 
3 


L 
L 
H 
H 
H 
4 
L 
H 
L 
L 
H 
5 
L 
H 
L 
H 
H 
6 
L 
H 
H 
L 
H 
7 
L 
H 
H 
H 
H 
8 
H 
L 
L 
L 
H 
9 
H 
L 
L 
H 
H 
10 
H 
L 
H 
L 
H 
11 
H 
L 
H 
H 
H 
12 


H 
H 
L 
L 
H 
13 


H 
H 
L 
H 
H 
14 


H 
H 
H 
L 
H 
15 
H 
H 
H 
H 
H 
16 


·ON" 


CHANNEL 


A, 
A, 
A, 
EN 
PAIR 


X 
X 
X 
L 
None 


L 
L 
L 
H 
1 


L 
L 
H 
H 
2 


L 
H 
L 
H 
3 


L 
H 
H 
H 
4 


H 
L 
L 
H 
5 


H 
L 
H 
H 
6 


H 
H 
L 
H 
7 
H 
H 
H 
H 
8 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


MPC506AP 
28·Pin 
Plastic 
215 


MPC506AG 
28-Pin 
Ceramic 
126 
MPC506AU 
28·Pin Plastic SOIC 
217 
MPC507AP 
28-Pin 
Plastic 
215 
MPC507AG 
28·Pin 
Ceramic 
126 
MPC507AU 
28·Pin Plastic SOIC 
217 
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..... 44V 
...... 22V 
. 
25V 


Voltage 
between 
supply pins. 


VREF to ground, 
V+ to ground .. 
v- to ground. 
Digital input overvoltage: 


VEN• 
V A: 
VSUPPLY 
(+) ,_ 
+4V 
VSUPPLY(-).. 
. 
-4V 


or 20mA, 
whichever 
occurs first. 


Analog input avervaltage: 


Vs: VSUPPLY 
(+) .. 


VSUPPlY 
(-) 
.... 
Continuous 
current, 
S or 0 
. 


Peak current, 
S or 0 


(pulsed at 1ms, 10% duty cycle max) 
40mA 
Power dissipation· 
2.DW 


Operating 
temperature 
range.. 
. 
~OOC 
to +85°C 
Storage temperature range.. . 
. 
-65°C to +150°C 


*Derate 
20,OmW/oC 
above T A = 70 


..... +20V 
.. -20V 
. 
20mA 


NOTE: 
(1) Absolute 
maximum 
ratings are limiting values, 
applied 
individu- 


ally, beyond 
which the serviceability 
of the circuit may be impaired. 
Func· 


tional operation 
under any of these conditions 
is not necessarily 
implied. 


100 
"' 
=>. 
" 
E 
;:: 
10 
enc 
E" 
(f) 


120 


~ 
100 
c0 
~ 
80 


·ar 
a: 
" 
60 
"0 
0 
~ 
40 
0 
E 
E 
0 
20 
() 


100 


Frequency (Hz) 


TEMPERATURE 


MODEL 
PACKAGE 
RANGE 
DESCRIPTION 


MPC506AP 
28-Pin Plastic DIP 
-40'C 
to +85'C 
16-Channel 
Single-Ended 


MPC506AG 
28-Pin 
Ceramic 
DIP 
-40'C 
to +85'C 
16-Channel 
Single-Ended 


MPC506AU 
28-Pin Plastic SOIC 
-40'C 
to +85'C 
16-Channel 
Single-Ended 


MPC507AP 
28-Pin Plastic DIP 
-40'C 
to +85'C 
8-Channel 


Differential 


MPC507AG 
28-Pin 
Ceramic 
DIP 
-40°C 
to +85°C 
8-Channel 
Differential 


MPC507AU 
28-Pin Plastic SOIC 
-40'C 
to +85'C 
8-Channel 


Differential 


~ 
en 
en 
~ 


0.1 
~ 
() 
'" 
0.01 
0 
15 
~ 
-" 
0.001 
I 
() 


0.0001 
100 


Signal Frequency (Hz) 
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DISCUSSION OF 
SPECIFICATIONS 


The static or dc transfer accuracy of transmitting 
the multi- 
plexer input voltage to the output depends 
on the channel 


ON resistance (RoN), the load impedance, the source imped- 
ance, 
the load bias current 
and the multiplexer 
leakage 
current. 


Single-Ended 
Multiplexer 
Static Accuracy 


The major contributors 
to static transfer accuracy for single- 


ended multiplexers 
are: 


Source resistance 
loading error 
Multiplexer 
ON resistance 
error 
dc offset 
error 
caused 
by both load bias current 
and 
multiplexer 
leakage current. 


Resistive 
Loading Errors 


The source and load impedances 
will determine 
the input 
resistive 
loading errors. To minimize 
these errors: 


• 
Keep loading impedance 
as high as possible. 
This mini- 


mizes the resistive loading effects of the source resistance 
and multiplexer 
ON resistance. 
As a guideline, 
load 
impedance 
of I()80 or greater will keep resistive loading 
errors to 0.002% or less for 10000 source impedances. 
A 
1060 load impedance 
will increase source loading error 
to 0.2% or more. 


Use sources 
with 
impedances 
as low as possible. 
A 
10000 
source resistance 
will present less than 0.001 % 
loading 
error and lOill 
source resistance 
will increase 
source loading error to 0.01 % with a 108 load impedance. 


Input resistive loading errors are determined 
by the follow- 
ing relationship 
(see Figure I). 


VM 


- - :Measured 


: 
Voltage 


Source and Multiplexer 
Resistive 
Loading Error 


Rs + RoN 
X 
OO'J! 
E(Rs.RoN)= Rs+RoN+RL 
I 
0 


where Rs = source resistance 
RL = load resistance 
RoN = multiplexer 
ON resistance 


Input Offset Voltage 


Bias current generates an input OFFSET voltage as a result 
of the IR drop across the multiplexer 
ON resistance 
and 
source resistance. A load bias current of 10nA will generate 
an offset 
voltage 
of 20llV 
if a Iill 
source 
is used. 
In 
general, 
for the MPC506A, 
the OFFSET 
voltage 
at the 
output is determined 
by: 


VOFFSET= (IB + IJ 
(RON + Rs) 


where IB = Bias current of device multiplexer 
is driving 


IL = Multiplexer 
leakage current 


RoN = Multiplexer 
ON resistance 


Rs = Source resistance 


Differential 
Multiplexer 
Static Accuracy 


Static accuracy errors in a differential 
multiplexer 
are diffi- 
cult to control, especially 
when it is used for multiplexing 


low-level signals with full-scale ranges of 10mV to lOOmV. 


The matching 
properties 
of the multiplexer, 
source 
and 
output load play a very important 
part in determining 
the 
transfer accuracy of the multiplexer. 
The source impedance 


unbalance, 
common-mode 
impedance, 
load 
bias 
current 
mismatch, 
load differential 
impedance 
mismatch, 
and com- 
mon-mode 
impedance of the load all contribute errors to the 
multiplexer. 
The multiplexer 
ON resistance mismatch,leak- 
age current mismatch 
and ON resistance 
also contribute 
to 
differential 
errors. 


Referring 
to Figure 
2, the effects 
of these errors can be 
minimized by following the general guidelines described 
in 
this section, especially 
for low-level 
multiplexing 
applica- 
tions. 
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Load (Output 
Device) Characteristics 


Use devices with very low bias current. Generally, 
PET 
input amplifiers 
should be used for low-level signals less 
than 50mV FSR. Low bias current bipolar input amplifi- 
ers are acceptable 
for signal ranges higher than 50m V 
FSR. 
Bias current 
matching 
will determine 
the input 
offset. 


The system dc common-mode 
rejection (CMR) can never 
be better than the combined CMR of the multiplexer 
and 
driven load. System CMR will be less than the device 
which has the lower CMR figure. 


• 
Load impedances, differential and common-mode, 
should 
be 101°0 or higher. 


• 
The source 
impedance 
unbalance 
will produce 
offset, 


common-mode 
and channel-to-channel 
gain-scatter 
er- 
rors. Use sources 
which do not have large impedance 
unbalances 
if at all possible. 


• 
Keep source impedances 
as low as possible to minimize 
resistive 
loading errors. 


Minimize 
ground 
loops. 
If signal 
lines 
are shielded, 
ground all shields to a common point at the system analog 
common. 


If the MPC507 A is used for multiplexing 
high-level 
signals 


of IV to 10V full-scale 
ranges, 
the foregoing 
precautions 
should still be taken, but the parameters 
are not as critical as 
for low-level 
signal applications. 


DYNAMIC 
CHARACTERISTICS 


Settling 
Time 


The 
gate-to-source 
and gate-to-drain 
capacitance 
of the 
CMOS FET switches, the RC time constants 
of the source 
and the load determine 
the settling time of the multiplexer. 


Governed 
by the charge transfer relation i = C (dV/dt), the 
charge currents transferred 
to both load and source by the 
analog switches 
are determined 
by the amplitude 
and rise 
time of the signal driving the CMOS FET switches and the 
gate-to-drain 
and gate-to-source 
junction 
capacitances 
as 
shown in Figures 
3 and 4. Using this relationship, 
one can 


see that the amplitude of the switching transients seen at the 
source and load decrease proportionally 
as the capacitance 
of the load and source increase. The trade-off for reduced 
switching transient 
amplitude 
is increased 
settling time. In 
effect, the amplitude of the transients seen at the source and 
load are: 


dVL = (ite) dt 


where i = C (dV/dt) of the CMOS PET switches 


C = load or source capacitance 


The source must then redistribute 
this charge, and the effect 
of source resistance on settling time is shown in the Typical 
Performance 
Curves. This graph shows the settling time for 
a 20V step change on the input. The settling time for smaller 
step changes on the input will be less than that shown in the 
curve. 


FIGURE 4. 
Settling and Common-Mode 
Effects- 


MPC507A 


Switching 
Time 


This is the time required 
for the CMOS PET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point of 
the address input signal to the 90 percent point of the analog 
signal seen at the output for a lOV signal change between 
channels. 


Crosstalk 
is the amount 
of signal 
feedthrough 
from the 
seven (MPC507A) 
or 15 (MPC506A) 
OFF channels 
ap- 
pearing at the multiplexer 
output. Crosstalk is caused by the 
voltage divider effect of the OFF channel, 
OFF resistance 
and junction 
capacitances 
in series with the RON and Rs 


impedances 
of the ON channel. Crosstalk is measured with 
a 20Vp-p 1000Hz sine wave applied to all off channels. The 
crosstalk 
for thcse 
multiplexers 
is shown 
in the Typical 
Performance 
Curves. 
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The matching properties of the load, multiplexer 
and source 


affect the common-mode 
rejection 
(CMR) capability 
of a 


differentially 
multiplexed 
system. CMR is the ability of the 


multiplexer 
and input amplifier 
to reject signals 
that are 


common 
to both inputs, 
and to pass on only the signal 
difference 
to the output. For the MPC507 A, protection 
is 
provided 
for common-mode 
signals 
of ±20V 
above 
the 
power supply voltages with no damage to the analog switches. 


The CMR 
of the MPC507A 
and Burr-Brown's 
INAllO 
instrumentation 
amplifier (G = 100) is 110dB at DC to 10Hz 


with a 6dB/octave roll-off to 70dB at 1000Hz. This measure- 
ment of CMR is shown in the Typical Performance 
Curves 
and is made with a Burr-Brown 
INAI10 
instrumentation 


amplifier connected 
for gains of 500, 100, and 10. 


CMR are: 


• Amplifier 
bias current 
and differential 
impedance 
mis- 
match 
• Load impedance 
mismatch 
• Multiplexer 
impedance 
and leakage current mismatch 
• Load and source common-mode 
impedance 


AC CMR roll-off is determined 
by the amount of common- 
mode 
capacitances 
(absolute 
and 
mismatch) 
from 
each 
signal line to ground. Larger capacitances 
will limit CMR 
at higher 
frequencies; 
thus, 
if good 
CMR 
is desired 
at 
higher 
frequencies, 
the common-mode 
capacitances 
and 
unbalance of signal lines and multiplexer 
to amplifier wiring 
must be minimized. 
Use twisted-shielded 
pair signal lines 
wherever 
possible. 
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e 
~ 
1.0 
;;; 
.~ 0.9 
rr: 
o 0.8 


0.7 


0.6 
-10 
-8 
-8 
-4-2024 


Analog 
Input (V) 


1.5 
~> 
~ ~ 
1.4 


.'§ ~ 
~ 
~ 1.3 


<3 ~ 
1.2 
ll£ 
~i 1.1 
~~ 
~ l1.0 


0.9 


0.8 


±8 
±9 
±10 
±11 
±12 
±13 
±14 
±15 


Supply 
Voltage 
(V) 


21 


18 
•. 
-r- 
+---+- 
~ 
E 
l----"- 
E 15 
•. 


~ 12 
<.l 
'5 
~ 
9 


-:- 
C> 
0~ 
'" 
3 


Output 
Off 
Leakage 
Current 


10(Off) 


o 
0 
±12 
±15 
±18 
±21 
±24 
±27 
±30 
±33 
±36 


AnaloQ Input OvervoltaQe 
(V) 
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PERFORMANCE 
CHARACTERISTICS 
AND TEST CIRCUITS 
(CO NT) 


~ 


n 
+O.8V 


Out 


, 
A 
la(Oft) 


±10V -=- 
-=- 
'!'10V 
I 
I 
±10V:t 


100nA 


E 
10nA 
~ 
(J 
"'" 
Jl! 
lnA 


.3 


100pA 


10pA 


25 
75 


Temperature 
(OC) 


1±10 


c 
±8 
~ 
~ 
±6 
J,! 


~ 
±4 
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PERFORMANCE 
CHARACTERISTICS 
AND TEST CIRCUITS 
(CO NT) 


-15VHOV 


NOTE: (1) Similar connection for MPC507 A. 


Probe 
r 
• 
, 


_14pF: ,,, 
'- 
, 
1 
-:. 
1 


VAH 
4.0V 
Address 
,r-\ 
Drive (VA) 


~ 
_~v 
, 


'O~, 
90% 


: 
~10V 
, 
' 
, 
, 


------, 
tA 
I- 


1000 


900 


~ 
800 


Q) 
700 
E 
;= 
::l 
600 
Q)8 
"" 
500 


400 


- 
- 
VREF: 
Open for logic high leveis ~ 6V 
- - 
VREF = Logic 
high 
for logic 
high 
levels> 
6V 


\ 
"-..... 


I'--... 


9 
10 
11 
12 
13 
14 
15 


Loaic Level Hiah (V) 
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The ENABLE 
input, pin 18, is included 
for expansion 
of 
the number 
of channels 
on a single node as illustrated 
in 
Figure 5. With ENABLE 
line at a logic I, the channel 
is 
selected by the 3-bit (MPC507A 
or 4-bit MPC506A) 
Chan- 


nel Select Address (shown in the Truth Tables). If ENABLE 
is at logic 0, all channels are turned OFF, even if the Channel 
Address Lines are active. If the ENABLE 
line is not to be 


used, simply tie it to +V supply. 


If the +15V and/or-15V 
supply voltage is absent or shorted 
to ground, the MPC507 A and MPC506A 
multiplexers 
will 
not be damaged; 
however, 
some signal feedthrough 
to the 
output will occur. Total package power dissipation 
must not 
be exceeded. 


For best settling 
speed, the input wiring and interconnec- 


tions between multiplexer 
output and driven devices should 
be kept as short as possible. When driving the digital inputs 
from TIL, 
open collector output with pull up resistors 
are 


recommended 
(see Typical 
Performance 
Curves, 
Access 


Time). 


To preserve common-mode 
rejection of the MPC507 A, use 
twisted-shielded 
pair wire for signal 
lines 
and inter-tier 


connections 
and/or multiplexer 
output lines. This will help 


common-mode 
capacitance 
balance and reduce stray signal 
pickup. If shields are used, all shields should be connected 
as close as possible 
to system 
analog 
common 
or to the 
common-mode 
guard driver. 


! 


In 1 
In 2 MPC 
Out 


In 3 506A 28 
J 
Group 1 
Ch1-16 
Group 1 
< 
In 16 
18 
~ 
Enable 
A, A, A, Ao 


,2' 
2' 
2' 
: 23 
'2' 
: 25 
L ___ 
I 


5 
A, A, A, Ao 


~ 
18 


Group 4 


'" 
MPC506A 
Enable 
~ 
Group 4 
Out 
~ 
49-64 28 
~ 


" 
, 
I 
t 
I........ 
I 


I 
L ~ _ 
••..••• 
: 


I 
I 
,..--.-0 


I_~ 
+ ...'"B~"ered 


',' 
OPA602 
1/40PA404 


Settling time to 0.01% for Rs loon 
-Two 
MPC506A units in parallel lOIJS 


-Four 
MPC507A units in parallel 
12us 


CHANNEL 
EXPANSION 


Single-Ended 
Multiplexer 
(MPC506A) 


Up to 64 channels (four multiplexers) 
can be connected to a 


single node, or up to 256 channels 
using 
17 MPC506A 
multiplexers 
on a two-tiered structure as shown in Figures 5 


and 6. 


Single or multitiered 
configurations 
can be used to expand 


multiplexer 
channel 
capacity 
up to 64 channels 
using 
a 


64 x 1 or an 8 x 8 configuration. 


Single-Node 
Expansion 


The 64xl 
configuration 
is simply eight (MPC507A) 
units 


tied to a single node. Programming 
is accomplished 
with a 
6-bit counter, 
using the 3LSBs 
of the counter 
to control 


Channel Address 
inputs Ao, AI' A2 and the 3MSBs of the 
counter to drive a l-of-8 decoder. The l-of-8 decoder then 
is used to drive the ENABLE inputs (pin 18) of the MPC507A 
multiplexers. 


Two-Tier 
Expansion 


Using an 8x8 two-tier 
structure 
for expansion 
to 64 chan- 


nels, 
the programming 
is simplified. 
The 
6-bit 
counter 
output does not require a l-of-8 decoder. The 3LSBs of the 
counter drive the AD,Al and A2 inputs of the eight first-tier 
multiplexers 
and the 3MSBs of the counter are applied to the 


AD, AI' and A2 inputs of the second-tier 
multiplexer. 


Single vs Multitiered 
Channel 
Expansion 


In addition 
to reducing 
programming 
complexity, 
two-tier 
configuration 
offers the added advantages 
over single-node 


expansion of reduced OFF channel current leakage (reduced 
OFFSET), better CMR, and a more reliable configuration 
if 
a channel should fail ON in the single-node 
configuration, 


data cannot be taken from any channel, 
whereas 
only one 
channel group is failed (8 or 16) in the multitiered 
configu- 


ration. 


"' 
B 
.c 
Out 
~ 


0i 
En 
8'~ 
+V 
<~ 


"' 


U'> 
'"B 
In 1 
;; 
In 2 
Out 
'"2- 
In 3 
18 


0 
En 
"5~ 
In 16 
8'~ 
<~ 


.r-------. 


MPCS06A 
I I I.... 
I 


18 
En:~:_"''''", 
: 


In 16 
+V:: 
-.....-0 


Ao A1 A2 A3 


L -I + 
... 


I 
.- Buffered 


OPA602 


1/40PA404 


Settling Time to 
0.01% is 20IJs 
with Rs • loon 


FIGURE 6. Channel Expansion 
up to 256 Channels 
Using 


16x16 Two-Tiered 
Expansion 
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BURR - BROWN® 
IElElI 
MPC508A 
MPC509A 


Single-Ended a-Channel/Differential 4-Channel 


CMOS ANALOG MULTIPLEXERS 


• 
ANALOG 
OVERVOLTAGE 
PROTECTION: 
70Vp-p 


• 
NO CHANNEL 
INTERACTION 
DURING 


OVERVOLTAGE 


• 
BREAK-BEFORE-MAKE 
SWITCHING 


• 
ANALOG 
SIGNAL 
RANGE: 
±15V 


• 
STANDBY 
POWER: 
7.5mW typ 


• 
TRUE SECOND 
SOURCE 


The MPC508A 
is an 8-channel 
single-ended 
analog 
multiplexer 
and the MPC509A is a 4-channel differen- 
tial multiplexer. 


The MPC508A 
and MPC509A 
multiplexers 
have in- 


put overvoltage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other chan- 
nels. The protection circuitry assures that signal fidel- 
ity is maintained 
even 
under 
fault 
conditions 
that 


would destroy other multiplexers. 
Analog inputs can 


withstand 
70Vp-p 
signal 
levels 
and standard 
ESD 
tests. Signal sources are protected 
from short circuits 
should multiplexer 
power loss occur; each input pre- 


sents a IkQ resistance 
under this condition. 
Digital 


inputs 
can also sustain 
continuous 
faults up to 4V 


greater than either supply voltage. 


These features 
make the MPC508A 
and MPC509A 
ideal for use in systems 
where 
the analog 
signals 
originate from external equipment 
or separately pow- 


ered sources. 


The MPC508A 
and MPC509A 
are fabricated 
with 


Burr-Brown's 
dielectric ally isolated 
CMOS technol- 
ogy. The multiplexers 
are available 
in a hermetic 
ceramic 
or plastic 
DIP and plastic 
SOIC packages. 


Temperature 
range is --40°C to +85°C. 


Overvoltage 
Clamp and 
Signal 
Isolation 


Overvoltage 
Clamp and 
Signal 
Isolation 
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SPECIFICATIONS 


MPC508A1509A 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
CHANNEL 
CHARACTERISTICS 


Vs, Analog Signal Range 
Full 
-15 
+IS 
V 


RON, On Resistance(') 
+2S'C 
1.3 
1.S 
kn 


Full 
1.S 
1.8 
kn 


Is (OFF), Off Inpul Leakage Current 
+25°C 
O.S 
nA 
~ 
Full 
10 
nA 


10(OFF), Off Output Leakage Current 
+2S'C 
0.2 
nA 
MPCS08A 
Full 
. , 
S 
nA 
MPCS09A 
Full 
5 
, 
nA 
10(OFF) with Input Overvoltage 
Applied(2) 
+25'C 
4.0 
nA 


Full 
V' 
)!A 


10(ON), On Channel Leakage Current 
+2S'C 
2 
nA 
MPCS08A 
Full 
. 
10 
nA 
MPCS09A 
Full 
10 
nA 


IOIFFDifferential Off Output Leakage 
Current 
(MPCS09A Only) 
Full 
10 
nA 


DIGITAL INPUT CHARACTERISTICS 
VAL' Input Low Threshold Drive 
Full 
0.8 
V 
V AH. 
Input High Threshold(3) 
Full 
4.0 
V 


IA. Input Leakage Current (High or Low)(") 
Full 
1.0 
~A 


SWITCHING 
CHARACTERISTICS 


tAl Access Time 
+25°C 
O.S 
~s 
Full 
0.6 
~s 
IoPEN, Break-Belore-Make 
Delay 
+2S'C 
2S 
80 
ns 
!oN (EN), Enable Delay (ON) 
+25°C 
200 
ns 


Full 
SOO 
ns 
laFF (EN), Enable Delay (OFF) 
+25°C 
2S0 
ns 


Full 
SOO 
ns 
Settling Time (0.1%) 
+25°C 
1.2 
~s 
(0.01%) 
+2S'C 
3.S 
~s 


"OFF Isolation-(5) 
+2S'C 
SO 
68 
dB 


Cs (OFF), Channel Input Capacitance 
+25°C 
S 
pF 


Co (OFF), Channel Output Capacitance: 
MPCS08A 
+2S'C 
2S 
, 


pF 
MPCS09A 
+2S'C 
12 
pF 


CA. Digital Input Capacitance 
2S'C 
S 
pF 


CDS(OFF), Input to Output Capacitance 
+2S'C 
0.1 
pF 


POWER REQUIREMENTS 
po. Power Dissipation 
Full 
7.S 
mW 


1+, Current 
Pin 1(6) 
Full 
0.7 
1.S 
mA 


1-, Current Pin 27(6) 
Full 
S 
20 
)!A 


NOTES: (1) Vour' 
±10V, lour = -100)!A. 
(2) Analog overvoltage 
= ±33V. (3) To drive trom DTlfITL 
circuits. lkn 
pUll-up resistors to +S.OVsupply are recommended. 


(4) Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1nA at 2S'C. (S) VEN = 0.8V, RL = 1kn, CL = lSpF, Vs = 7Vrms, 1= 100kHz. 
Worst·case 
isolation occurs on channel 4 due to proximity of the output pins. (6) VEN• VA::: 
OVor 
4.0V. 


The information 
provided 
herein is believed to be reliable: 
however. 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions 
BURR·BRQWN 
assumes no responsibility 
for the use of this information, and a/1use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not 


authorize 
or warrant any BURR·BROWN 
product for use in life support devices and/or systems. 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


PIN CONFIGURATIONS 


Top View 
Top View 


Ao 
A, 
Ao 
16 
A, 


En 
Ao 
En 
1S 
Ground 


-VSUPPlY 
Ground 
-VSUPPlY 
14 
+VSUPPlY 


In 1 
+VSUPPLY 
In lA 
4 
13 
In 18 


In 2 
In S 
In 2A 
12 
In 28 


In 3 
In 6 
In 3A 
11 
In 38 
0) 


In 7 
10 
In 48 
0 
In 4 
In4A 
it) 


Out 8 
CO 


Out 
In 8 
Out A 
0 
it) 


MPCS08A 
(Ceramic) 
MPC509A 
(Ceramic) 
0 
MPC508A (Pla.tlc) 
MPC509 A (Pla.tlc) 
a. 
~ 


TRUTH TABLES 
-- 


MPC508A 
MPC509A 


"ON" 


A, 
A, 
Ao 
EN 
CHANNEL 


X 
X 
X 
L 
None 
L 
L 
L 
H 
1 
L 
L 
H 
H 
2 


L 
H 
L 
H 
3 
L 
H 
H 
H 
4 


H 
L 
L 
H 
S 


H 
L 
H 
H 
6 


H 
H 
L 
H 
7 


H 
H 
H 
H 
8 


Voltage between supply pins 
44V 


V+ to ground 
22V 


V- to ground 
2SV 
Digital input overvoltage 
VEN• VA: 
VSUPPLY(+) 
+4V 
VSUPPLYH.. . 
. 
-4V 
or 20mA. 
whichever 
occurs first. 


Analog 
input overvoltage 
Vs: 


VSUPPLY (+) . 
. 
+20V 


VSUPPLY H············································..·.. -20V 
Continuous 
current, S or 0 
20mA 
Peak current, S or 0 


(pulsed at lms, 
10% dUty cycle max) 
40mA 
Power 
dissipation{2j 
_ 
1.28W 


Operating 
temperature 
range 
. 
-400C 
to +85°C 


Storage 
temperature 
range 
-65°C 
to + 150°C 


NOTE: 
(1) Absolute maximum 
ratings are limiting values, applied individu· 


ally, beyond which the serviceability 
of the circuit may be impaired. 
Func- 


tional operation 
under any of these conditions is not necessarily 
implied. 
(2) Derate 1.28mWrC 
above TA = +70'C. 


"ON" 


CHANNEL 


A, 
Ao 
EN 
PAIR 


X 
X 
L 
None 


L 
L 
H 
1 
L 
H 
H 
2 


H 
L 
H 
3 


H 
H 
H 
4 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 
DESCRIPTION 


MPCS08AP 
16-Pin Plastic DIP 
-40'C 
to +8S'C 
8-Channel 


Single-Ended 


MPCS08AU 
16-Pin Plastic SOIC 
-40'C 
to +as'C 
8-Channel 
Single-Ended 


MPCS08AG 
16-Pin Ceramic 
DIP 
-40°C 
to +85°C 
8-Channel 
Single-Ended 


MPCS09AP 
16-Pin Plastic DIP 
-40'C 
to +8S'C 
4-Channel 


Differential 


MPCS09AU 
16-Pin Plastic SOIC 
-40'C 
to +8S'C 
4-Channel 


Differential 


MPCS09AG 
16-Pin Ceramic 
DIP 
-40'C 
to +8S'C 
4-Channel 
Differential 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


MPCS08/S09AP 
16·Pin Plastic DIP 
180 


MPCS08/S09AU 
16-Pin Plastic SOIC 
211 


MPC50e/509AG 
16 Pin Coramic 
129 
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The static or de transfer accuracy of transmitting 
the multi- 
plexer input voltage to the output depends on the channel ON 
resistance (RON)' the load impedance, the source impedance, 
the load bias current and the multiplexer 
leakage current. 


Single-Ended 
Multiplexer 
Static Accuracy 


The major contributors 
to static transfer accuracy for single- 


ended multiplexers 
are: 


Source resistance 
loading error; 
Multiplexer 
ON resistance error; 
and, DC offset error caused by both load bias current and 
multiplexer 
leakage current. 


Resistive 
Loading 
Errors 


The source and load impedances 
will determine 
the input 


resistive loading errors. To minimize these errors: 


Keep 
loading 
impedance 
as high 
as possible. 
This 
minimizes 
the resistive 
loading 
effects 
of the source 
resistance and multiplexer ON resistance. As a guideline, 
load impedances 
of I()8Q, or greater, will keep resistive 
loading errors to 0.002% or less for 1000Q source imped- 
ances. 
A I()6Q load 
impedance 
will increase 
source 
loading error to 0.2% or more. 


Use sources with impedances as low as possible. 
1000Q 
source resistance 
will present less than 0.00 I% loading 
error and 10kQ source resistance 
will increase 
source 
loading error to 0.0 I% with a 108 load impedance. 


Input resistive loading errors are determined by the following 
relationship 
(see Figure I). 


Source 
and Multiplexer 
Resistive 
Loading 
Error 


(R 
R 
)_ 
Rs + RON 
E 
s+ 
ON 
- 
Rs +RON +RL 


where Rs = source resistance 
RL = load resistance 
RoN = multiplexer 
ON resistance 


Input Offset Voltage 


Bias current generates an input OFFSET voltage as a result 
of the IR drop across the multiplexer 
ON resistance 
and 


source resistance. 
A load bias current of IOnA will generate 


an offset voltage of 20!!V if a Iill source is used. In general, 
for the MPC508A, 
the OFFSET 
voltage 
at the output 
is 
determined 
by: 


VOFFSET= (Is + IL) (RON+ Rs) 


where Is = Bias current of device multiplexer 
is driving 
IL = Multiplexer 
leakage current 
RoN = Multiplexer 
ON resistance 
Rs = ~oun.;e n;~i~(am.;c 


low-level signals with full-scale ranges of IOmV to lOOmY. 


The 
matching 
properties 
of the multiplexer, 
source 
and 
output load playa 
very important 
part in determining 
the 
transfer accuracy of the multiplexer. 
The source impedance 
unbalance, common-mode 
impedance, 
load bias current mis- 


match, load differential 
impedance mismatch, and common- 


mode 
impedance 
of the load all contribute 
errors 
to the 
multiplexer. 
The multiplexer 
ON resistance mismatch, 
leak- 
age current mismatch 
and ON resistance 
also contribute 
to 
differential 
errors. 


The effects of these errors can be minimized by following the 
general guidelines 
described 
in this section, especially 
for 


low-level multiplexing 
applications. 
Refer to Figure 2. 


Load (Output 
Device) Characteristics 


Use devices with very low bias current. Generally, 
FET 


input amplifiers should be used for low-level 
signals less 


than 50mV FSR. Low bias current bipolar input amplifi- 
ers are acceptable 
for signal ranges higher than 50m Y 
FSR. Bias current 
matching 
will determine 
the input 
offset. 


The system de common-mode 
rejection (CMR) can never 
be better than the combined CMR of the multiplexer 
and 


driven load. System CMR will be less than the device 
which has the lower CMR figure. 


Load impedances, differential and common-mode, 
should 


be IOloQ or higher. 


VM 


:Measured 
Voltage 


FIGURE 2. MPC509A 
DC Accuracy Equivalent 
Circuit. 
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B 
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common-mode 
and channel-to-channel 
gain-scatter 
er- 


rors. Use sources 
which do not have large impedance 


unbalances 
if at all possible. 


Keep source impedances as low as possible to minimize 
resistive loading errors. 


Minimize 
ground 
loops. 
If signal 
lines 
are shielded, 


ground 
all shields 
to a common 
point 
at the system 
analog common. 


If the MPC509A 
is used for multiplexing 
high-level 
signals 
of±IV 
to ±IOV full-scale ranges, the foregoing precautions 
should still be taken, but the parameters 
are not as critical as 
for low-level 
signal applications. 


DYNAMIC 
CHARACTERISTICS 


Settling Time 


The gate-to-source and gate-to-drain capacitance of the CMOS 
FET switches, the RC time constants 
of the source and the 
load determine 
the settling time of the multiplexer. 


Governed 
by the charge transfer relation i = C (dV/dt), the 
charge currents transferred 
to both load and source by the 
analog switches 
are determined 
by the amplitude 
and rise 
time of the signal driving the CMOS FET switches and the 
gate-to-drain 
and gate-to-source 
junction 
capacitances 
as 
shown in Figures 3 and 4. Using this relationship, one can see 
that the amplitude 
of the switching 
transients, 
seen at the 
source and load, decrease proportionally 
as the capacitance 
of the load and source increase. The trade-off 
for reduced 
switching 
transient 
amplitude 
is increased 
settling time. In 
effect, the amplitude of the transients seen at the source and 
load are: 


dVL = (i/C) dt 


where i = C (dV/dt) of the CMOS FET switches 
C = load or source capacitance 


The source must then redistribute 
this charge, and the effect 


of source resistance on settling time is shown in the Typical 
Performance 
Curves. This graph shows the settling time for 


a 20V step change on the input. The settling time for smaller 
step changes on the input will be less than that shown in the 
curve. 


FIGURE 4. 
Settling and Common-Mode-Effects- 
MPC509A 


Switching 
Time 


This is the time required for the CMOS FET to turn ON after" 
a new digital code has been applied to the Channel Address" 
inputs. It is measured from the 50 percent point of the address 
input signal to the 90 percent point of the analog signal seen 
at the output for a IOV signal change between channels. 


Crosstalk 


Crosstalk is the amount of signal feedthrough 
from the three 
(MPC509A) 
or seven (MPC508A) 
OFF channels appearing 
at the multiplexer 
output. Crosstalk is caused by the voltage 


divider effect of the OFF channel, OFF resistance 
and junc- 
tion capacitances 
in series with the RoN and Rs impedances 


of the ON channel. 
Crosstalk 
is measured 
with a 20Vp-p 
1kHz sine wave applied to all OFF channels. 
The crosstalk 
for these multiplexers 
is shown in the Typical Performance 
Curves. 


Common-Mode 
Rejection 
(MPC509A 
Only) 


The matching properties of the load, multiplexer 
and source 
affect the common-mode 
rejection 
(CMR) capability 
of a 
differentially 
multiplexed 
system. CMR is the ability of the 


multiplexer 
and input amplifier 
to reject 
signals 
that are 
common 
to both inputs, 
and to pass on only the signal 
difference 
to the output. For the MPC509A, 
protection 
is 


provided 
for common-mode 
signals 
of ±20V 
above 
the 
power supply voltages with no damage to the analog switches. 


The CMR 
of the MPC509A 
and Burr-Brown's 
INAIIO 


instrumentation 
amplifier is llOdB at DC to 10Hz (G = 100) 
with a 6dB/octave roll off to 70dB at 1000Hz. This measure- 
ment of CMR is shown in the Typical Performance 
Curves 


and is made with a Burr-Brown 
model INAIIO instrumenta- 
tion amplifier connected 
for gains of 10, 100, and 500. 


BURR-BROWNe 
1E3E31 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


Factors which will degrade multiplexer and system DC CMR 
are: 


Amplifier 
bias current and differential 
impedance 
mis- 


match 
Load impedance 
mismatch 


Multiplexer 
impedance 
and leakage current mismatch 


Load and source common-mode 
impedance 


AC CMR roll off is determined 
by the amount of common- 
mode capacitances 
(absolute and mismatch) from each signal 
line to ground. Larger capacitances 
wiIllimit 
CMR at higher 
frequencies; 
thus, 
if good 
CMR 
is desired 
at higher 


frequencies, 
the common-mode 
capacitances 
and unbalance 
of signal lines and multiplexer-to-amplifier 
wiring must be 


minimized. 
Use twisted-shielded-pair 
signal lines wherever 
possible. 
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-15V/-l0V 


NOTE: (1) Similar connection for MPC509A. 
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INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


The ENABLE 
input, pin 2, is included for expansion 
of the 
number of channels on a single node as illustrated in Figure 
5. With ENABLE line at a logic I, the channel is selected by 
the 2-bit (MPC509A) 
or 3-bit (MPC508A) 
Channel Select 


Address (shown in the Truth Tables). If ENABLE is at logic 
0, all channels are turned OFF, even if the Channel Address 
Lines are active. If the ENABLE line is not to be used, simply 
tie it to +VSUPPLY' 


If the +15V and/or -15V supply voltage is absent or shorted 
to ground, the MPC509A 
and MPC508A 
multiplexers 
will 


not be damaged; 
however, 
some signal feedthrough 
to the 
output will occur. Total package power dissipation must not 
be exceeded. 


For best settling speed, the input wiring and interconnections 
between 
multiplexer 
output 
and driven devices 
should be 
kept as short as possible. 
When driving the digital inputs 
from TTL, open collector 
output with pull-up resistors 
are 
recommended. 


To preserve common-mode 
rejection of the MPC509A, 
use 
twisted-shielded 
pair 
wire for signal 
lines 
and inter-tier 


connections 
and/or multiplexer 
output lines. This will help 


common-mode 
capacitance 
balance and reduce stray signal 
pickup. If shields are used, all shields should be connected as 
close as possible to system analog common or to the com- 
mon-mode 
guard driver. 


CHANNEL 
EXPANSION 


Single-Ended 
Multiplexer 
(MPC508A) 


Up to 32 channels (four multiplexers) 
can be connected to a 
single node, or up to 64 channels 
using nine MPC508A 
multiplexers 
on a two-tiered structure as shown in Figures 5 
and 6. 
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FIGURE 6. Channel 
Expansion 
Up to 64 Channels 
Using 
8 x 8 Two-Tiered 
Expansion. 


Differential 
Multiplexer 
(MPC509A) 


Single or multitiered 
configurations 
can be used to expand 


multiplexer 
channel 
capacity 
up to 32 channels 
using 
a 
32 x I or 16 channels using a 4 x 4 configuration. 


Single-Node 
Expansion 


The 32 x I configuration 
is simply eight (MPC509A) 
units 


tied to a single node. Programming 
is accomplished 
with a 
5-bit counter, 
using the 2LSBs 
of the counter 
to control 
Channel 
Address 
inputs Ao and Al and the 3MSBs of the 
counter to drive a l-of-8 decoder. The l-of-8 decoder then is 
used to drive the ENABLE 
inputs (pin 2) of the MPC509A 


multiplexers. 


Two-Tier 
Expansion 


Using a 4 x 4 two-tier structure for expansion to 16 channels, 
the programming 
is simplified. 
A 4-bit counter output does 


not require a l-of-8 decoder. The 2LSBs of the counter drive 
the Ao and Al inputs ofthe four first-tier multiplexers 
and the 
2MSBs ofthe counter are applied to the Ao and Al inputs of 
the second-tier 
multiplexer. 


Single vs Multitiered 
Channel 
Expansion 
In addition 
to reducing 
programming 
complexity, 
two-tier 
configuration 
offers the added advantages 
over single-node 
expansion of reduced OFF channel current leakage (reduced 
OFFSET), better CMR, and a more reliable configuration 
if 
a channel should fail in the ON condition 
(short). Should a 
channel fail ON in the single-node configuration, 
data cannot 


be taken from any channel, whereas only one channel group 
is failed (4 or 8) in the multitiered 
configuration. 
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High Speed 
CMOS ANALOG MULTIPLEXER 


• 
HIGH SPEED 
100ns Access 
Time 
800ns Settling 
to 0.01% 
250ns SeWing to 0.1% 


• 
USER-PROGRAMMABLE 
16-Channel 
Single-Ended 
or 
8-Channel 
Differential 


• 
SELECTABLE 
TTL OR CMOS 
COMPATIBILITY 


• 
WILL 
NOT SHORT 
SIGNAL 
SOURCES 
- 
Break-Before-Make 
Switching 


• 
SELF-CONTAINED 
WITH INTERNAL 
CHANNEL 
ADDRESS 
DECODER 


• 
28-PIN 
HERMETIC 
DUAL-IN-L1NE 
PACKAGE 


A3Decoder 


A 
Q 
Q 
VAEF 


H 
H 
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L 
L 
H 


V 
L 
L 


The MPC800 is a high speed multiplexer 
that is user- 


programmable 
for 16-channel single-ended 
operation 
or 8-channel 
differential 
operation 
and for TIL 
or 
CMOS compatibility. 


The MPC800 features a self-contained 
binary address 


decoder. 
It also has an enable line which allows the 


user to inhibit the entire multiplexer 
thereby facilitat- 


ing channel 
expansion 
by adding 
additional 
multi- 


plexers. 


High quality processing is employed to produce CMOS 
FET analog channel switches which have low leakage 
current, low ON resistance, 
high OFF resistance, 
low 
feed through capacitance, 
and fast settling time. 


Two models are available, the MPC800KG 
for opera- 


tion from QOCto +75°C. 
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SPECIFICATIONS 


MPC800KG 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
INPUTS 


Voltage 
Range 
-15 
+15 
V 


Maximum 
Overvoltage 
-Vcc 
-2 
+Vcc +2 
V 


Number 
of Input Channels 
- 


Differential 
8 
Single-Ended 
16 


--'. 
Reference 
Voltage 
Range(1) 
6 
10 
V 
ON Characteristics(2l 


ON Resistance 
(RON) at +25'C 
620 
750 
n 
Over Temperature 
Range 
700 
1000 
n 


RON Drift vs Temperature 
See Typical Performance 
Curves 


RON Mismatch 
I 


< 10 
I 


n 
ON Channel 
Leakage 
0.04 
nA 


Over 
Temperature 
Range 
0.6 
100 
nA 
ON Channel 
Leakage 
Drift 
See Typical Periormance 
Curves 
OFF 
Characteristics 


I 
I 


OFF Isolation 
90 
dB 


OFF Channel 
Input Leakage 
0.01 
nA 
Over 
Temperature 
Range 
0.38 
50 
nA 
OFF Channel 
Input Leakage 
Drift 
See Typical Performance 
Curves 


OFF Channel 
Output 
Leakage 
I 


0.035 


I 


nA 
Over 
Temperature 
Range 
0.48 
100 
nA 
OFF Channel 
Output 
Leakage 
Drift 
See Typical Performance 
Curves 
Output Leakage (All channels disabled)(3) 
0.02 
nA 
Output 
Leakage 
with Overvoltage 


+16V Input 
< 0.35 
mA 
-16V 
Input 
< 0.65 
mA 


DIGITAL 
INPUTS 


Over 
Temperature 
Range 
TIll') 


Logic "0" (VALl 
0.8 
V 
Logic "1" (VAH) 
2.4 
V 


IAH 
0.05 
1 
~A 
IAL 
4 
25 
~ 


TIL 
Input Overvoltage 
-6 
6 
V 
CMOS 


Logic "0" (VAL) 
O.3VREF 
V 


Logic "1" (VAH) 
O.7VREF 
V 
CMOS 
Input Overvoltage 
-2 
+Vcc +2 
V 


Address 
A3 Overvoltage 
-Vcc 
-2 
+Vcc +2 
V 


Digital 
Input Capacitance 
5 
pF 


Channel 
Select(5) 


Single-Ended 
4-bil Binary Code One of 16 
Differential 
3-bit Binary 
Code 
One 
of 8 
Enable 
Logic "0" Inhibits All Channels 


POWER 
REQUIREMENTS 


Over 
Temperature 
Range 


Rated Supply Voltage 
±15 
V 
Maximum 
Voltage 
Between 
Supply 
Pins 
33 
V 
Total 
Power 
Dissipation 
525 
mW 
Allowable 
Total 
Power 
Dissipation(6) 
1200 
mW 
Supply 
Drain (+25'Cl 
At 1MHz Switching 
Speed 
+35, -39 
mA 
At 100kHz SWitching Speed 
+25, -29 
mA 


The information 
provided 
herein 
Is believed 
(0 be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without notice. No patent rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not 
authorize 
or warrant 
any BURR· BROWN 
product for use in life support devices 
and/or 
systems. 
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MPC800KG 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
CHARACTERISTICS 
I 
I 
Gain Error 
< 0.0003 
% 


Crosstalk(7) 
See Typical Performance Curves 


TOPEN 
(Break-before-make 
delay) 
20 
ns 


Access 
Time at +25°C 
100 
150 
ns 


Over Temperature 
Range 
120 
200 
ns 


Settling 
Time(8) 


to 0.1% (20mV) 
250 
ns 


to 0.01% 
(2mV) 
800 
ns 


Common-Mode 
Rejection 
(Differential) 


DC 
> 125 
dB 


60Hz 
> 75 
dB 
OFF Channel 
Input Capacitance, 
Cs 
2.5 
pF 
OFF Channel 
Output 
Capacitance, 
Co 
18 
pF 
OFF Input to Output Capacitance, 
Gos 
0.02 
pF 


TEMPERATURE 
MPC800KG 


Specification 
0 
+75 
°C 
Storage 
-65 
+150 
°C 


NOTES: (1) Reference voltage controls noise immunity, 
normally left open for TTL compatibility 
and connected 
to Voa for CMOS compatibility. 
(2) V1N::: ±10V.loUT 


= 1OO~. 
(3) Single-ended 
mode. (4) Logic levels specified for VREF (pin 13) open. (5) For single-ended 
operation, 
connect output A (pin 28) to output B (pin 2) an. 
use A3 (pin 14) as an address line. Fordifferential 
operation connect A3to -Vec- (6) Derate 8mW/oC above TA::: +75°C. (7) 1OVp·p sine wave on all unused channels. 


See Typical 
Performance 
Curves. (8) For 20V step input to ON channel, 
into 1kn load. 


MODEL 


MPC800KG 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


MPC800KG 
28-Pin Single-Wide 
Cerdip 
228 
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TYPICAL PERFORMANCE CURVES 
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High Speed 
CMOS ANALOG MULTIPLEXER 


• 
HIGH SPEED 
80ns 
Access 
Time 
800ns 
Settling 
to 0.01% 
250ns 
Settling 
to 0.1 % 


• 
USER-PROGRAMMABLE 
8-Channel 
Single-Ended 
or 
4-Channel 
Differential 


• 
SELECTABLE 
TIL 
OR CMOS 
COMPATIBILITY 


• 
WILL 
NOT SHORT 
SIGNAL 
SOURCES 
- 
Break-Before-Make 
Switching 


• 
SELF-CONTAINED 
WITH INTERNAL 
CHANNEL 
ADDRESS 
DECODER 


• 
18-PIN HERMETIC 
DUAL-IN-L1NE 
PACKAGE 


The MPC801 is a high speed multiplexer 
that is user- 
programmable 
for 8-channel 
single-ended 
operation 


or 4-channel 
differential 
operation 
and for TIL 
or 
CMOS compatibility. 


The MPC80 I features a self-contained 
binary address 


decoder. 
It also has an enable line which allows the 
user to inhibit the entire multiplexer 
thereby facilitat- 


ing channel 
expansion 
by adding 
additional 
multi- 


plexers. 


High quality processing is employed to produce CMOS 
FET analog channel switches which have low leakage 
current, low ON resistance, 
high OFF resistance, 
low 


feedthrough 
capacitance, 
and fast settling time. 


Two models are available, the MPC80 IKG for opera- 
tion from O°C to +75°C. 


A, Decode 


A2 
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MPC801KG 


PARAMETER 
lAIN 
TYP 
MAX 
UNITS 


ANALOG 
INPUTS 


Voltage 
Range 
-15 
+15 
V 
Maximum Overvoltage 
-Vec -2 
+Vcc +2 
V 
Number of Input Channels 


Differential 
4 
Single-Ended 
8 
Reference Voltage Range(1) 
6 
10 
V 


ON 
Characteristics(2) 


ON Resistance 
(RON) 
at +25°C 
500 
750 
n 


Over Temperature 
Range 
700 
1000 
n 


RON Drift vs Temperature 
See Typical Performance Curves 


RON Mismatch 


I 


< 10 


I 


n 


ON Channel 
Leakage 
0.1 
nA 
Over Temperature 
Range 
0.3 
50 
nA 
ON Channel Leakage Drift 
See Typical Performance Curves 
OFF Characteristics 


I 
I 


OFF Isolation 
90 
dB 
OFF Channel 
Input Leakage 
0.05 
nA 
Over Temperature 
Range 
0.6 
50 
nA 
OFF Channel 
Input Leakage 
Dri" 
See Typical Performance Curves 
OFF Channel 
Output 
Leakage 


I 


0.1 
I 


nA 
Over Temperature 
Range 
0.30 
50 
nA 
OFF Channel 
Oulput 
Leakage 
Dri" 
See Typical Performance Curves 
Output 
Leakage 
(All channels 
disabled)I') 
0.02 
nA 
Output Leakage with Overvoltage 


+16V Input 
< 0.35 
mA 


-16V 
Input 
< 0.65 
mA 


DIGITAL 
INPUTS 


Over Temperature 
Range 
TIll') 


Logic ·0· (VAd 
0.8 
V 


Logic "1" (VAH) 
2.4 
V 
IAH 
0.05 
1 
~A 
lAC 
4 
20 
~A 


TTL Input Overvoltage 
-6 
6 
V 
CMOS 


Logic "0" (VAL) 
O.3VAEF 
V 


Logic ·1· (VAH) 
O.7VREF 
V 


CMOS 
Input Overvoltage 
-2 
+Vcc +2 
V 


Address 
A, Overvoltage 
-Vcc 
-2 
+Vcc +2 
V 


Digital Input Capacitance 
5 
pF 


Channel 
Selec~5) 


Single-Ended 
3-bit Binary Code One of 8 


Differential 
2·bit Binary Code One of 4 


Enable 
Logic ·0· Inhibits All Channels 


POWER 
REQUIREMENTS 


Over Temperature 
Range 
Rated Supply 
Voltage 
±15 
V 


Maximum Voltage Between 
Supply 
Pins 
33 
V 
Total Power Dissipation 
360 
mW 
Allowable Total Power Dissipation(6j 
725 
mW 
Supply 
Drain (+25°C) 
At 1MHz Switching 
Speed 
+14, -12.5 
mA 


At 100kHz Switching 
Speed 
+12.5, -12.5 
mA 


Th9 inform.;;lfion providoo 
horoin ;s beliovod 
to be 
reliable; 
however, 
BURR-BROWN 
assumes no responslblllty for Inaccuracies or omissions. BURR-BROWN 
assumes no responsibilityfor the use of this information, and all use of such information shall be entirety at the user's own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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MPC801KG 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
CHARACTERISTICS 


1_ 
< 0.0003 
.1 
Gain Error 
% 


Crosstalk(7) 
See Typicat Performance Curves 


T OPEN 
(Break-balora-make 
delay) 
20 
ns 
Access 
Time at +25°C 
80 
125 
ns 
Over Temperature 
Range 
110 
150 
ns 


Settling 
Time(8) 


to 0.1% (20mV) 
250 
ns 
to 0.01 % (2mV) 
800 
ns 
Common-Mode 
Rejection 
(Differential) 


DC 
> 125 
dB 


60Hz 
> 75 
dB 
OFF Channel 
Input Capacitance, 
Cs 
1.9 
pF 


OFF Channel 
Output Capacitance, 
Co 
10 
pF 
OFF Input to Output 
Capacitance, 
Cos 
0.02 
pF 


TEMPERATURE 
MPC800KG 
Specification 
0 
+75 
·C 
Storage 
-1l5 
+150 
·C 


NOTES: (1) Reference voltage controls noise immunity, normally left open for TTL compatibility 
and connected 
to Voa for CMOS compatibility. 
(2) VIN = ±1 OV, 
lOUT 


• 1OO~A.(3) Single-ended 
mode. (4) Logic levels specified for VRE• (pin 8) open. (5) For single-ended 
operation, 
connect output A (pin 18) to output B (pin 2) an. 


use A2 (pin 9) as an address line. For differential 
operation connect A2 to-Vec_ 
(6) Derate BmW/oC above TA = +75°C. (7) 10Vp-p sine wave on all unused channels. 
See Typical 
Performance 
Curves. (8) For 20V step input to ON channel, 
into 1kfl load. 


MODEL 


MPC801KG 


TEMPERATURE 
RANGE 


O°C to +75°C 


PACKAGE 


Cerdip 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


MPC801KG 
18-Pin Single-Wide 
Cerdip 
266 
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TYPICAL PERFORMANCE CURVES 
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6 SampleIHold Amplifiers 


Sample/hold amplifiers are a key part of an AID 
conversion solution. While many new AID con- 
verters have a self-contained sample/hold on the 
AID chip, sample/hold amplifiers play a role in 
specialized applications such as multiple channel 
simultaneous sampling, and ultra-high speed sam- 
pling and multichannel output applications. 


Use of a sample/hold increases the sampling band- 
width of an analog-to-digital converter by up to 
four orders of magnitude, while insuring that an 
accurate value of the signal to be converter is 
captured at a specific instant in time. 
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Sample/Hold Amplifiers 


SAMPLE/HOLD 
AMPLIFIERS 
(Acquisition Time, max) 


12-BIT 
SHC605 
(O.35~s) 
SHC804 
(O.35~s) 
SHC803 
(O.35~s) 
SHC5320 (1.5~s) 
SHC298 
(1O~s) 


14-BIT 
SHC76 
(6~s) 


WIDE-BAND 
SHC615 
(15ns) 
SHC804 
(O.35~s) 
SHC605 
(O.03~s) 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOP 


SAMPLEj 


CIRI 


~ 


~' 
N 
Small 
Acq 
Gain 
Offset 
Charge 
Signal 
Time 
Droop 
Input 


m ~ 
Error 
Error 
Offset 
Bandwidth 
to 0.01% 
Rate 
Temp 
Range 
~Product 
(%) 
(mV) 
(mV) 
(MHz) (typ) 
(J.lSmax) 
lItV/J.lS) 
Range(') 
(Vp-p) 
Pkg(2) 
Description 


• SHC76 
±0.02 
±3 
±6 typ 
1.5 
3 
±1 
Ind,Com, Mil 
20 
HMO 
Fast, High Accuracy 


SHC29a 
±0.01 
±7 
±25 max 
0.125 
10 
±100,000 
Com, Ind 
23 
POIP, MC, SOIC 
LowestCost Industry Std 
SHC605 
±0.1 
±5 
±20 
200 
0.02' 
±aooo 
Ext 
4.0 
16-p SOIC 
Low Cost 
SHC615 
0.1(3) 
a (typ) 
750 
15ns(3) 
±33,000(3) 
Xlind 
2 
POIP, SOIC 
Wideband OC Restoration Cir 
SHCa03 
±0.1 
±3 
±10 
16 
0.35 
±5 
Ind 
20 
HMO 
High Speed with Buffer 
SHCa04 
±0.1 
±3 
±5 
16 
0.35 
±5 
Ind 
20 
HMO 
High Speed 
SHC5320 
NA 
±0.5 
±1 typ 
2 
1.5 
±0.5 
Com, Mil 
20 
HCO, POIP, SOIC 
Low Cost, Fast Industry Std 


NOTES: (1) Temperalure Range: Com. 
O'C 10 +70'C, Ind = -25'C 
to +85'C, Mil. 
-55'C 
10 +125'C, Ext. 
-40'C 
10 +85'C. (2) MC = Melal Can, PDIP. 
Plaslic DIP, HCD = Hermelic Ceramic DIP, CD = Ceramic DIP, HMO, 


Melal DIP, sOle = Surtace Mounl Package. (3) Wilh 27pF exlernal hold capacitor. 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLO, ITALIC DENOTES 
PRODUCT IN DEVEL< 


I 


BURR - BROWN® 
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• 
FAST (6f.ts max) ACQUISITION 
TIME 


(14-bit) 


• 
APERTURE 
JITTER: 
400ps 


• 
POWER 
DISSIPATION: 
300mW 


• 
COMPATIBLE 
WITH HIGH RESOLUTION 
AID CONVERTERS 
ADC76, 
PCM75, 
AND 
ADC71 


The SHC76 
is a fast, high-accuracy 
hybrid sample/ 


hold circuit 
suitable 
for use in high-resolution 
data 
acquisition 
systems. 


The SHC76 is complete 
with internal hold capacitor 
and incorporates 
an internal 
compensation 
network 
which minimizes 
sample-to-hold 
charge 
offset. The 
SHC76 is configured 
as a unity-gain 
inverter. 


High-resolution 
converters 
such as the ADC76 
and 
ADC7l 
are 
compatible 
with 
SHC76 
in forming 
complete, 
l4-bit accurate analog-to-digital 
conversion 
systems. 


The SHC76 comes in a l4-pin single-wide 
hermetic 
metal DIP. Power supply requirements 
are specified 
from ±14.5V 
to ±15.5V 
with guaranteed 
operation 
from ±11.4V to ±18V. Input voltage range is ±IOV. 
The SHC76 
is available 
in two temperature 
ranges: 


KM, for O°C to +70°C; and BM, for -25°C 
to +85°C 
operation. 


8tH 


Digital 
Input 


BURR-BROWN~ 
IElElI 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


ELECTRICAL 


Typical at +25°C, and nominal power supply voltage of ±15V, unless otherwise noted. 


SHC76KM, 
BM 


PARAMETER 
MIN 
TVP 
MAX 
UNITS 


ANALOG 
INPUTS 
Voltage Range 
±10 
V 


Overvoltage, 
no damage 
±15 
V 


Impedance 
3000 
n 


OIGITAL INPUT 
(TIL-Compatible) 
Track Mode, Logic ~1" 
2 
5.5 
V 


Hold Mode, Logic ·0" 
0 
0.8 
V 


IIH' V1H = 2.4V 
400 
~A 


Ill' V1L"" DAV 
1000 
~A 


ANALOG 
OUTPUT 


Voltage 
±10 
V 
Current 
5 
mA 


Short·Circuit 
Current 
20 
mA 


Impedance 
1 
n 


DC ACCURACYISTABILlTV 
Gain 
-1.00 
VN 


Gain Error 
±C.Ol 
±0.02 
% 


Gain Nonlinearity 
(±10V Output Track) 
±0.001 
% 


Gain Temperature 
Coefficient 
1 
5 
ppm/oC 


Offset Voltage(1) 
±3 
mV 


Output Offset at T MIN' 
T MAX (Track) 
±6 
mV 


TRACK 
MODE DYNAMICS 
Freqency Response 


Small Signal (-3dB) 
1.5 
MHz 


Full Power Bandwidth 
0.5 
MHz 


Slew Rate 
30 
Vi~s 


Noise in Track Mode 


(DC to 1.0MHz) 
200 
~Vrms 


TRACK·TO·HOLD 
SWITCHING 
Aperture Time 
30 
ns 


Aperture Uncertainty (Jitter) 
0.4 
ns 


Offset Step (Pedestal) 
12 
±4 
mV 


Pedestal at Temperature 


KM Grade 
±4 
mV 


BM Grade 
±6 
mV 


Switching Transient 
Amplitude 
200 
mV 


Settling to 1mV 
0.5 
~ 
Settling to 0.3mV 
1 
~s 


HOLD MODE DYNAMICS 
Droop Rate 
0.1 
1 
~V/~ 


Droop Rate at TMAX 
100 
~V/~ 


Feedthrough 
Rejection 


(10Vp-p, 20kHz) 
74 
86 
dB 


HOLD- TO-TRACK 
DYNAMICS 
Acquisition Time 
To ±0.01% of 20V 
1.5 
3 
~s 


To ±0.003% of 20V 
4 
6 
~s 


POWER REQUIREMENTS 
Nominal Voltages for Rated 
Performance 
±14.5 
±15 
±15.5 
V 


Operating 
Range(2j 
±11.4 
±18 
V 


Power Supply Rejection 
100 
~VN 


Supply Current: +Vs 
15 
20 
mA 
-Vs 
-4 
-10 
mA 
Power Dissipation 
300 
500 
mW 


TEMPERATURE 
RANGE 
Operating: 
KM Grade 
0 
+70 
°C 


BM Grade 
-25 
+85 
°C 
Storage 
-55 
+125 
°C 


NOTES: (1) Adjustable to zero with external circuit. (2) Operating to derated performance 
with V1N < Vs -5V. 


BURR-BROWN<!I 
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Voltage 
Between 
+Vcc 
and -Vcc 
Terminals. 
. 
40V 
Input Voltage. 
.. 
Actual Supply Voltage 


Differential 
Input Voltage. 
. ±24V 
Digital Input Voltage. 
.. 
-o.SV to +S.SV 
Output Current 
Continuous{2} . 
. 
±20mA 
Internal 
Power 
Dissipation 
500mW 
Storage 
Temperature 
Range 
-65°C 
< TA 
< +150°C 
Output Short-Circuit 
Durationl3} 
Momentary 
to Common 
Lead Temperature 
(soldering, 
10s).. 
... +300·C 


NOTES: 
(1) Absolute maximum 
ratings are limiting values, applied individually, 
beyond which the servicability of the circuit may be impaired. Functional operation 
under any of these 
conditions 
is not necessarily 
implied. 
(2) Internal power 
dissipation may limit output current to less than +20mA. 
(3) WARNING: 
This 
device cannot withstand even a momentary short circuit to either supply. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


SHC76KM 
14-Pin 
Single-Wide, 
107 
Hermetic 
Metal DIP 


SHC76BM 
14-Pin 
Single-Wide, 
107 


Hermetic 
Metal DIP 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


SHC76KM 
14-Pin Single-Wide, 
O°C to +70°C 
Hermetic Metal DIP 


SHC76BM 
14-Pin Single-Wide, 
-2S·C 
to +8S·C 


Hermetic 
Metal DIP 


PIN 
DESCRIPTION 
PIN 
DESCRIPTION 


1 
Digital Input 
8 
Analog Output 


2 
No Connection 
9 
Offset Adjust 


3 
No Connection 
10 
No Connection 


4 
Digital Ground 
11 
+1SV Supply 


5 
No Connection 
12 
Summing 
Junction 


6 
Analog Ground 
13 
Analog Input 


7 
Offset Adjust 
14 
-1SV Supply 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD_ Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions_ Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could cause the device not to meet its 
published 
specifications. 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not 
authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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This is defined as total Hold mode, nonadjustable, 
input to 
output 
error 
caused 
by charge 
offset, 
gain 
nonlinearity, 


droop, feedthrough, 
and thermal transients. It is the inaccu- 


racy due to these errors which cannot be corrected by Offset 
and Gain adjustments. 


The difference between the input and output voltage magni- 
tude (in the Sample mode) due to the amplifier gain errors. 


The voltage decay at the output when in the Hold mode due 
to storage capacitor and FET switch leakage current and the 
input bias current of the output amplifier. 


The amount 
of output voltage change caused 
by an input 
voltage change when the sample/hold 
is in the Hold mode. 


The time required to switch from Sample-to-Hold. 
The time 
is measured 
from the 50% point of the Hold mode control 
transition to the time at which the output stops tracking the 
input. 


ACQUISITION 
TIME 


The time required for the sample/hold 
output to settle within 


a given error band of its final value when the sample/hold 
is 


switched from Hold-to-Sample. 


CHARGE 
OFFSET 
(PEDESTAL) 


The output voltage change that results from charge coupled 
into the Hold capacitor through the gate capacitance 
of the 
switching 
field effect transistor. 
This charge appears as an 
offset at the output. 


V,N"-,'-- 
,,': 
" 
, 
, 
, 
, 
, 
, 
, 
" 
:, 
-,, 
vour'" 
: 


t 
------------------- 
t 
Droop 


The switching 
transient 
which appears on the output when 


the sample/hold 
is switched from Sample-to-Hold. 
Both the 
magnitude and the settling time of the transient are specified. 


SAMPLED 
DATA ACQUISITION 
SYSTEM 
CALCULATIONS 


The rated accuracy of an AID converter in combination 
with 


the aperture 
uncertainty 
of a sample/hold 
determine 
the 
maximum theoretical 
input slew rate (frequency) 
of a given 
sampled data system. 


Sine Wave fMAX = (2-N FSR) + (21t A t) 
A = max Input Signal Amplitude 
(peak-to-peak) 
FSR = Full-Scale 
Range of AID Converter 


t = Aperture 
Uncertainty 
of S/H (jitter) 
N = Number of Bits Accuracy 


Given 
below 
are the maximum 
input frequencies 
of two 
AID converters 
in conjunction 
with the SHC76: 


SHC76 
13-bit Sine Wave fMAX = 


(0.000122' 
20V) + (2 • 1t. 20V • O.4ns) = 48.6kHz 


SHC76 
14-bit Sine Wave fMAX = 


(0.000061 
• 20V) + (2 • 1t • 20V • O.4ns) = 2403kHz 


The maximum 
throughput 
rate is determined 
by adding all 
critical conversion 
process times together. Throughput 
rate 
cannot exceed the maximum 
input frequency determined 
by 
6 


the 
accuracy 
and jitter 
specs 
without 
degrading 
system 
performance. 
Two samples 
per period of a sine wave are 
required 
to satisfy the Nyquist 
sampling 
theorem. 
A low- 


pass filter is required to cut off frequencies 
higher than the 
maximum 
throughput 
frequency 
to prevent 
aliasing 
errors 


from occurring. 


Throughput 
fMAX (2 samples) = 


I + [2 (S/H acquisition 
time + S/H settling time 


+ AID conversion 
time)] 


Table I is a listing of various AID throughput 
rates using the 
SHC76 S/H amplifier (assuming 
two samples per period). 


ACCURACY 
CONVERSION 
RESOLUTION THROUGHPUT 
CONVERTER 
(Bits) 
SPEED(/Js} 
(Bits) 
F~(kHz) 


ADC76KG 
14 
17 
16 
19.2 


14 
16 
15 
20.0 
14 
15 
14 
20.8 


ADC76JG 
13 
17 
16 
23.8 
13 
16 
15 
25.0 
13 
15 
14 
26.3 


ADC71KG 
14 
57 
16 
7.58 
14 
54 
15 
7.94 
14 
50 
14 
8.47 


ADC71JG 
13 
57 
16 
8.20 


13 
54 
15 
8.62 


13 
50 
14 
9.26 


FIGURE 
I. Definition 
of Acquisition 
Time, 
Droop 
and 
Sample-to-Hold 
Transient. 
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APPLICATIONS 


Figures 2 and 3 show the SHC76 
in combination 
with an 
ADC76 and ADC71 to provide 14-bit accurate NO conver- 
sion systems. 


Analog 


Input 
-10Vto 
+10V 


Analog 
Input 
-10Vto 
+10V 


FIGURE 
2. A 20kHz 
AID 
Conversion 
System 
(14-bit 
accurate). 
FIGURE 
3. A 8047kHz AID Conversion 
System 
(l4-bit 
accurate). 


BURR - BROWN® 
IElElI 
SHC298 
SHC298A 


Monolithic 
SAMPLE/HOLD 
AMPLIFIER 


• 
12-BIT THROUGHPUT 
ACCURACY 


• 
LESS THAN 10lls ACQUISITION 
TIME 


• 
WIDEBAND 
NOISE LESS THAN 20llVrms 


• 
RELIABLE 
MONOLITHIC 
CONSTRUCTION 


• 
1010Q INPUT 
RESISTANCE 


• 
TIL-CMOS-COMPATIBLE 
LOGIC INPUT 


OHset Adjust 


~------------------------ 
30kU 


,,,,, 
:6,,,,,, 
, 
' 
, 
' 
~-----------------------------_: 
Mode Control (StH) Input 


The 
SHC298 
and SHC298A 
are high-performance 
monolithic 
sample/hold 
amplifiers 
featuring high DC 
accuracy with fast acquisition 
times and a low droop 
rate. Dynamic performance 
and holding performance 
can be optimized with proper selection of the external 
holding capacitor. 
With a IOOOpFholding capacitor, 
l2-bit accuracy can be achieved with a 6flS acquisition 
time. Droop rates less than SmV/min are possible with 
a IJ.lF holding capacitor. 


These sample/holds 
will operate over a wide supply 


voltage 
ranging 
from ±SV to ±18V 
with very little 


change in performance. 
A separate Offset Adjust pin 
is used to adjust the offset in either the Sample on the 
Hold modes. The fully differential 
logic inputs have 
low input current, and are compatible 
with TTL, SV 
CMOS, and CMOS logic families. 


The SHC298AM 
is available in a hermetically 
sealed 
8-pin TO-99 package and is specified over a tempera- 
ture range from -25°C 
to +8S°C. The SHC298JP 
and 
SHC298JU 
are 8-pin plastic DIP and sorc packaged 
parts specified over O°C to +70°C. 


The SHC298AJP, 
specified 
over O°C to +70°C, 
is 
available in an 8-pin plastic DIP. The SHC298A grade 
features improved gain and offset error, improved drift 
over temperature, 
and faster acquisition 
time. 


The SHC298 family is a price-performance 
bargain. It 
is well suited for use with several 12-bit AID convert- 
ers 
in data 
acquisition 
systems, 
data 
distribution 
systems, and analog delay circuits. 


I:LI:I.,; 
I t1II.,;AL 


At TJ = +25°C, 
±15V supplies, 
1000pF holding capacitor, 
-11.5V:S 
V'N $ +11.5, RL::: 
10kO, Logic Reference 
Voltage = av, and Logic Voltage = 2.5 V, unless 
otherwise 
noted. 


SHC298AM, 
JP, JU 
SHC298AJP 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
INPUT 
Resistance 
10'0 
Q 
Bias Current<lI 
10 
50 
25 
nA 


DIGITAL 
INPUT 
Pin 7 
Pin 8 
Circuit State 


Mode Control Truth Table 
OV 
+2.4V 
Sample (Track) 


OV 
+0.8V 
Hold 
+2.4V 
+2.8V 
Hold 
+0.8V 
+2.8V 
Sample (Track) 


Mode Control and Mode Control Reference Input Current 
10 
fJA 


Differential Logic Threshold 
0.8 
1.4 
2.4 
V 


TRANSFER 
CHARACTERISTICS 


ACCURACY 
(+25°C) 
Throughput 
Nonlinearity 
for Hold Time < 1ms 
±C.010 
to.015 
% of20V 
Gain 
+1 
VN 
Gain Error 
±C.004 
to.010 
to.001 
±C.005 
% 


Input Voltage Offset (adjust to zero)(1) 
12 
t7 
t1 
12 
mV 
Droop Rate(t) 
t30 
t200 
t100 
~V/ms 
Charge Offset(2) 
tt5 
t25 
mV 
Noise (rms) 10Hz to 100kHz 
10 
20 
~V 
Power Supply Rejection 
t25 
t100 
~VN 


ACCURACY 
DRIFT 
Gain Drift 
3 
4 
1 
2 
ppm/oC 
Input Offset Drift 
15 
70 
25 
~vrc 
Charge Offset Drift, C = 'OOOpF 
50 
150 
~vrc 
Charge Offset Drift, C = 10,000pF 
20 
50 
~vrc 
Droop Rate at TJ = +85°C 
1 
10 
mV/ms 


DYNAMIC 
CHARACTERISTICS 
Full Power Bandwidth, C = 1000pF 
75 
125 
kHz 
Full Power Bandwidth, C = 10,000pF 
10 
16 
kHz 
Output Slew Rate, C = 1000pF 
7 
10 
VI~ 
Output Slew Rate, C = 10,000pF 
1.4 
2 
VI~ 
Aperture Time: 
Negative Input Step 
200 
250 
ns 
Positive Input Step 
150 
200 
ns 
Acquisition Time (C = 1000pF): to to.01%, 
tOV Step 
6 
10 
~s 
to ±C.01%, 20V Step 
8 
12 
~s 
to ±O.l %, 1OV Step 
5 
9 
4 
6 
~s 
to to.1%, 20V Step 
7 
11 
~s 
SamplelHold 
Transient 
Peak Amplitude 
160 
mV 
SeWing to 1mV 
1 
1.5 
~s 
Feedthrough 
(Response to 10V Input Step) 
±C.007 
to.o15 
to.OO4 
to.0075 
%of20V 


OUTPUT 


ANALOG 
OUTPUT 
Voltage Range 
t11.5 
V 
Current Range 
12 
mA 
Impedance (in Hold Mode) 
0.5 
4 
Q 


POWER SUPPLY 
Rate Voltage 
15 
VDC 
Range 
t5 
t18 
VDC 
Currenf(l) 
t4.5 
t6.5 
mA 


• Same as specifications 
for SHC298AM, JP I JU. 
NOTES: (1) These parameters 
guaranteed 
over a supply voltage range of ±5V to = ±18V. (2) Charge offset is sensitive to stray capacitive coupling between input 
logic signals and the hold capacitor. 
lpF, 
for instance, will create an additional 
O.5mV step with a 5V logic swing and a O.Ol~F hold capacitor. 
Magnitude 
of the 
charge offset is inversely proportional 
to hold capacitor value. 


The information 
provided 
herein is believed to be reliable; 
however, 
BURR-SHOWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
tor the use at this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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Top View 
TO-99 
Top View 
Plastic 
DIP/Small 
Outline 


Tab 


Mode Control 
Input 


Offset 
Mode Control 


Adjust 
Reference 
"3 
'6'< 
~ 
Analog 
6 
Hold Capacitor 
0 


Input 


-Vcc 
4 
c:( 
CO 
en 
C\Io 
::I: 


PACKAGE/ORDERING 
INFORMATION 
~ 
en 
C\Io 
::I: 
en 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER(1) 
RANGE 


SHC298AM 
TO-99 
001 
-25'C 
to +85'C 
SHC298JP 
8-Pin Plastic DIP 
006 
O'G to +70'G 
SHC298JU 
8-Lead SOIG 
182 
O'Gto 
+70'G 
SHC298AJP 
a-Pin 
Plastic DIP 
006 
O°C to +70°C 


Supply Voltage.. 
. 
±18V 


Power Dissipation 
(Package 
Limitation) 
500mV 


Junction Temperature, 
TJ MAX 
AM 
. 
125'C 
JP, JU 
100'C 
Operating 
Temperature 
Range. 
. 
-25°C 
to +850c 
Storage 
Temperature 
Range 
-65oc 
to +1 50°C 
Input Voltage.. 
.. 
Equal to Supply Voltage 


Logic-to-Logic 
Reference 
Differential 
Voltage(l) 
. . 
+7V, -30V 
Output Short Circuit Duration 
Indefinite 


Hold Capacitor 
Short Circuit Duration 
10s 


Lead Temperature 
(soldering, 
10s) 
. 
300°C 


NOTE: (1) Although the differential voltage may not exceed the limits given, 
the common-mode 
voltage on the logic pins may be equal to the supply 
voltages without causing damage 
to the circuit. For proper logic operation, 
however, one of the logic pins must always be at least 2V below the positive 
supply and 3V above the negative 
supply. 
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TYPICAL PERFORMANCE CURVES 


APERTURE 
TIME 
CHARGE OFFSET 
500 
100 
+VCC = -Vcc 
= 15V 


400 
tNour~ mV 


dV1N = 10V 
10 
:> 
~ 
300 
S- 
a. 


" 
c7i 
E 
;:: 
200 
"0 
" 
I 


0.1 
100 


0 
0.01 


-50 
-25 
25 
50 
75 
100 
125 
150 
0.0001 
0.001 
0.01 
0.1 


Junction Temperature 
(0C) 
Hold Capacitor (~F) 


1.8 


1.6 


1.4 


0 
1.2 
c 
" 
E 
;:: 
0.8 


0.6 


0.4 


~+Vcc = -Vcc 
= 15V 


Settling to 1mV 


- 
- 
~ 
-- 
~ 
- 


,.... 


0.2 
o 


-50 
-25 
0 


OUTPUT DROOP RATE 
10' 


10-1 


~ 
~ 1O~2 
> 
<l 


10-" 


10~ 


0.0001 
0.001 
0.01 
0.1 


Hold Capacitor (~F) 


ACQUISITION 
TIME 
OUTPUT NOISE 
160 


140 


120 


10 
@' 100 
~ 
" 
~ 
80 
E 
ill 
;:: 
60 
·0 
100 
z 
40 


20 


1000 
0 


0.001 
0.01 
0.1 
10 
100 
lk 
10k 
lOOk 


Hold Capacitor (~F) 
Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 


DYNAMIC SAMPLING 
ERROR 
GAIN ERROR 


100 
0.3 


TJ = 25'C 
;;- 
0.2 
RL = 10kQ 


10 
.§. 
Sample Mode 


Q) 
0.1 
C> 
;;- 
J!! 


.§. 
"0> 
g 
~ 
UJ 
~ 


----------- 


-<l.1 


0.1 
c. 
J:; 


-<l.2 


-<l.3 


10 
100 
1000 
-15 
-10 
-5 
0 
5 
10 


Input Slew Rate (V/ms) 
Output Voltage (V) 


CHARGE OFFSET 


1.6 


1.2 
CH = O.Ol~F 
TJ '" 25°C 


0.8 
;;- 
.§. 
0.4 
c. 
TJ• 
-55'C 
2 
en 
:2 
0 
-<l.4 


J: 


-<l.8 


-1.2 


-1.6 


-15 
-10 
-5 
0 
5 
10 
15 


Input Voltage (V) 


25 


20 


15 
1 


10 


C 
~ 
u 


-5 


-10 


--- 
~ 
r---- ---- 


m 
120 


" 
-;; 
100 


:a; 
~ 
80 
oi 
60 


a: 
40 


10k 


Frequency (Hz) 


130 


120 


m 110 
:8- 


100 
0.-; 
a: 
90 
co 
.2~ 
80 


·or 
a: 
70 


60 


II 
IIIII1 
+vcc=-Vcc= 
15Vl 
- 
I- V,N = 10Vp-p 
CH>0.1~F 


111111111 
~Tr25'C 


CH = 0.Q1~F 
I- 
- 
I- 


~ 
I- 


CH = 1000pF 
- 
I- 
- 
- 
l- 
I- 
I-- 
- 
, 


- 
I-- 
- 
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0.01 
Frequency (Hz) 


DISCUSSION OF 
SPECIFICATIONS 


Throughput 
nonlinearity 
is defined 
as total 
Hold 
mode, 
nonadjustable, 
input to output error caused by charge offset, 


gain nonlinearity, 
lms of droop, feedthrough, 
and thermal 
transients. 
It is the inaccuracy 
due to these errors 
which 


cannot be corrected by offset and gain adjustments. Through- 
put nonlinearity 
is tested with a lOOOpF holding capacitor, 
tOY input changes, 
tO~ 
acquisition 
time, and Ims Hold 
time (see Figure 
I). 


Gain Accuracy 
is the difference 
between 
input and output 
voltage (when in the Sample mode) due to amplifier 
gain 
errors. 


Droop Rate is the voltage decay at the output when in the 
Hold mode due to storage capacitor, 
FET switch leakage 


currents, and output amplifier bias current. 


Feedthrough 
is the amount of the input voltage change that 


appears at the output when the amplifier is in the Hold mode. 


Aperture Time is the time required to switch from Sample to 
Hold. The time is measured from the 50% point of the mode 
control 
transition 
to the time at which 
the output 
stops 
tracking the input. 


Acquisition 
Time is the time required 
for the sample/hold 
output to settle within a given error band of its final value 
when the mode control is switched from Hold to Sample. 


-l 
T 
Offset 
Error 
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coupled through the gate capacitance 
of the switching PET. 
This charge is coupled into the storage capacitor 
when the 
PET is switched to the "hold" mode. 


Capacitors with high insulation resistance and low dielectric 
absorption, 
such as Teflon<!ll,polystyrene 
or polypropylene 


units, should be used as storage elements (polystyrene should 
not be used above 
+85°C). 
Care should 
be taken in the 


printed 
circuit 
layout 
to minimize 
AC 
and DC 
leakage 


currents 
from 
the capacitor 
to reduce 
charge 
offset 
and 
droop errors. 


The value of the external 
capacitor 
determines 
the droop, 
charge offset and acquisition time of the Sample/Hold. 
Both 
droop and charge offset will vary linearly with capacitance 
from the values given in the specification 
table for a O.OOIW' 
capacitor. With a capacitor of O.OIW', 
the droop will reduce 


to approximately 
2.5JlV/ms and the charge offset to approxi- 
mately 1.5mV. The behavior of acquisition time with changes 
in external capacitance 
is shown in the Typical Performance 


Curves. 


OFFSET 
ADJUSTMENT 


The offset 
should 
be adjusted 
with the input grounded. 


During the adjustment, 
the sample/hold 
should be switching 
continuously 
between the Sample and the Hold mode. The 
error should then be adjusted to zero when the unit is in the 
Hold mode. In this way, charge offset as well as amplifier 
offset will be adjusted. When a O.OOIW' capacitor is used, it 
will not be possible 
to adjust the full offset error at the 


sample/hold. 
It should be adjusted elsewhere 
in the system. 


DATA ACQUISITION 


The SHC298 may be used to hold data for conversion 
with 
an analog-to-digital 
converter 
or used 
to provide 
Pulse 
Amplitude 
Modulation 
(PAM) 
data output 
(see Figures 
2 


and 3). 


DATA DISTRIBUTION 


The SHC298 may be used to hold the output of a digital-to- 
analog converter 
whose digital inputs are multiplexed 
(see 
Figure 4). 


The SHC298 
is also well suited for use in test systems to 
acquire and hold data transients for human operators or for 
the other parts of the test system such as comparators, 
digital 
voltmeters, 
etc. 


capacitor, the output may be held more than IS minutes with 
less than I% error. 


SHC298 is sensitive to capacitive 
loading on the output and 
may oscillate. 
When driving long lines, a buffer should be 


used. 


The minimum 
sample time for one channel in a data acqui- 
sition system is usually considered to be the acquisition time 
of the sample/hold 
plus the conversion time of the analog-to- 
<c 
digital converter. If two or more sample/holds 
are used with 
CO 
a high-speed multiplexer, 
the acquisition time of the sample/ 
0') 
hold can be virtually eliminated. 
While the fust channel is in 
N 
hold and switched on to the ADC, the multiplexer 
may be 0 
addressed to the next channel. The second sample/hold 
will J: 
have acquired this data by the time the conversion 
is com- seco 
plete. 
Then, 
the sample/holds 
reverse 
roles 
and another 
channel is addressed 
(see Figure 5). For low-level 
systems, 
~ 
and instrumentation 
amplifier and double-ended 
multiplexer 
0 
may be connected 
to the sample/hold 
inputs. The settling 
J: 
time 
of the 
multiplexer, 
instrumentation 
amplifier, 
and 
en 
sample/hold 
can be eliminated 
from the channel conversion 
time as before. 
• 


PAM Output 


Actuallnpul 
/ 
_ 
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(0) 


ChN 
'\ 


--.:- 
B12 


t 
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DEMO 
BOARD 


AVAILABLE 
See Appendix 
A 


High-Speed 
Operational 
TRACK-AND-I-IOLD 
AMPLIFIER 


• 
VERY GOOD SPURIOUS 
FREE DYNAMIC 
RANGE: 
90dB at 1MHz FIN and 20MSPS 
86dB at 2MHz FIN and 20MSPS 
77dB at 5MHz FIN and 20MSPS 


• 
LOW ACQUISITION 
TIME: 30ns to 0.01% 


• 
LOW DROOP 
RATE: 8mVllls 
max TM1Nto 
TMAX 


• 
LOW POWER 
CONSUMPTION: 
335mW 


• 
EXTREMELY 
VERSATILE 
ARCHITECTURE: 


Noninverting, 
Inverting, 
and 
Differential 
Gains 


• 
LOGIC FLEXIBILITY: 
TTL and ECL 
Compatible 


• 
SMALL 
PACKAGE: 
16-Lead 
SOIC 


• 
EXTENDED 
TEMPERATURE 
SPECS: 


-40°C 
to +85°C 


• 
AID CONVERTER 
FRONT 
ENDS 


• 
MULTIPLE 
CHANNEL 
SIMULTANEOUS 
SAMPLING 


• 
IMPROVING 
FLASH ADC PERFORMANCE 


• 
PEAK DETECTORS 


• 
DAC DEGLITCHING 


The SHC605 
is a monolithic 
high-speed, 
high accu- 
racy track-and-hold 
amplifier. It combines fast acqui- 
sition and low distortion 
to provide a complete 
solu- 
tion for a wide range of sampling applications. 
Its new 
proprietary 
closed-loop 
architecture 
provides a single- 
chip solution to many data acquisition 
problems 
for- 
merly requiring 
more than one device. Noninverting, 


inverting, and differential 
gain configurations 
are easy 


to apply with the SHC605. 
An on-board 
logic refer- 
ence circuit makes the SHC605 compatible 
with both 
single-ended 
and differential 
ECL or TTL clock in- 
puts. An internal 
track-mode 
lockout 
circuit 
allows 


edge-triggered 
operation 
in data acquisition 
systems. 


The SHC605 
is available 
in a l6-lead 
SOlC package 
specified for the -40C to +85C industrial temperature 
range. 


Hold 
Lock 
Thresh! 
lock 
Hold 
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At T.: 
+25°C, ±Vs = ±5V, G = +lVN, 
RL = 100Q, CL = 5pF, and ECl 
Hold/Hold 
Inputs, unless otherwise 
noted. 


SHC605AU 


PARAMETER 
CONDITION 
TEMP RANGE 
MIN 
TYP 
MAX 
UNITS 


DC INPUT PARAMETERS 
Offset Voltage 
Full 
±1 
±7.5 
mV 
Power Supply Rejection 
Vs = ±4.5 to ±5.5V 
+25°C 
60 
85 
dB 
Input Bias Current 
VCM 
= OV 
Full 
15 
50 
~A 
Input Offset Current 
VCM 
= OV 
Full 
±0.2 
±5 
~A 
Common-Mode 
Input Range 
Full 
±2.0 
±2.5 
V 
Common-Mode 
Rejection 
VCM 
= ±2VOC 
Full 
80 
dB 
Differential 
Input Impedance 
Full 
13111 
kQllpF 
Common-Mode 
Input Impedance 
Full 
2111 
MQllpF 
Open-Loop 
Voltage Gain 
Va = ±2V, RL = 100Q 
+25°C 
100 
dB 


OUTPUT 
Voltage Output 
RL = 50Q 
Full 
±2.0 
±2.5 
V 
Current Output 
+2SoC 
±40 
±80 
mA 
Full 
±40 
±60 
mA 
Short Circuit Current 
Full 
±140 
mA 
Output Resistance, 


Closed-loop: 
Track-Mode 
DC 
Full 
0.0001 
Q 
Hold-Mode 
DC 
Full 
0.01 
Q 


DIGITAL 
INPUTs/OUTPUTS 
TIl 
Input levels 
(1) 
Hold Input Only 
VIL 
logic 
"lO" 
Full 
0 
+1.0 
V 
V,H 
logic 
"HI" 
Full 
+2.0 
+5.0 
V 
Single-Ended 
ECl 
Input Levels 
(2) 
Hold/Hold and lock/lock 
Inputs 
VIL 
logic 
"lO" 
Full 
-1.80 
-1.45 
V 
V,H 
logic 
"HI" 
Full 
-1.05 
-0.80 
V 
Common-Mode 
Input Voltages 
Hold/Hold 
Full 
-3 
+5 
V 


lock/lock 
Full 
-Vs 
+3 
V 
Differential 
Input Voltages 
Hold/Hold and lock/lock 
Inputs 
Full 
0.2 
5.0 
V 
Digital Input Currents 
Ill' lock/lock 
Inputs Only 
ECl 
logic 
"lO", 
VIL = 
-1.60V 
Full 
5 
~A 
Ill, Hold/Hold 
Inputs Only 
ECl 
or TIl 
logic 
"lO" 
Full 
-100 
~A 
I'H' lock/lock 
Inputs Only 
logic 
"HI", V,H = 
-1.0V 
Full 
50 
~A 
I'H' HoldIHold 
Inputs Only 
Full 
-10 
~ 
Threshold 
Voltage OUtpU~3) 


TIL(") 
Full 
1.1 
1.5 
1.9 
V 
ECU5) 
-Vs 
= -5.2V 
Full 
-1.40 
-1.10 
V 


TRACK-MODE 
RESPONSE 


Closed-loop 
Bandwidth 
Gain = +1VN 
+25°C 
100 
200 
MHz 
Gain = +2VN 
+2SoC 
75 
MHz 
Gain = +SVN 
+25°C 
20 
MHz 
Gain = +10VN 
+2SoC 
10 
MHz 
Full Power Response 
±1 V Input, -3dB 
Output 
Full 
32 
MHz 
Slew Rate 
(6) 
G = +1, 2V Step 
+2SoC 
140 
200 
V/~ 
Full 
120 
200 
V/~ 
Acquisition 
Time to 1%(7) 
2V Step 
Full 
15 
25 
ns 
0.1% 
2V Step 
Full 
23 
35 
ns 
0.012% 
2V Step 
Full 
30 
45 
ns 
0.012% 
4V Step 
Full 
40 
60 
ns 
Input Voltage Noise 
1MHz to 100MHz 
2.5 
nV#iZ 
Input Bias Current Noise 
1MHz to 100MHz 
2.5 
pAl#iZ 
Differential 
Gain 
3.58MHz, 
Va = 0 to 0.7Vp--p 
0.005 
% 


Differential 
Phase 
3.58MHz, 
Va = 0 to 0.7Vp--p 
0.005 
degrees 
Spurious 
Free Dynamic Range 
(5MHz) 
Vo = 
±IV 
83 
dBc 


(10MHz) 
Vo = 
±IV 
73 
dBc 


NOTE: (1) Select (Pin 10) connected to +V, for TIl 
threshold Yoltage on Pin t 1. (2) Select (Pin 10) connected to -V, for ECl threshold Yoltage on Pin 1t. (3) Output 
voltage on pin 11. (4) Pin 10 (Select) connected to +Vs' (S) Pin 10 (Select) connected to -V s' (6) Slew rate is rate of change from 10% to 90% of a 2V output step. 
(7) Acquisition 
time includes hold-to-track 
delay switch time. (8) Hold noise is proportional 
to the time in the hold mode. For example, if the hold time is 2Sns, the 
accumulated 
noise is 10~Vrms. (9) This is the maximum 
length of time the SHC60S can remain in the hold mode and still maintain a linear droop rate. (10) Select 
(Pin 10) connected 
to +Vs. 


The information 
provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
aaaumos 
no responsibility 
for the u~e of Ih;~ information, 
and all use or such Information 
shall be entirely at the user's own risk. Prices and specifications 
are 
subject to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


TRACK-TO-HOLD 
SWITCHING 


Aperture 
Delay 


Aperture 
Jitter 


Pedestal 
Offset 
over Temperature 


Transient 
Amplitude 
Settling 
Time 
to 1mV 
100~V 


HOLD-MODE 
RESPONSE 


Spurious 
Free 
Dynamic 
Range 


(1MHz, 20MSpS) 
(2M Hz, 20MSpS) 
(5MHz, 20MSpS) 
(10MHz, 20MSpS) 
(10MHz, 20MSpS) 


Hold Noise(8) 


Droop 
Rate 


Hold Time(91 
Feedthrough 
Rejection (20M Hz) 


POWER SUPPLY 
Specified 
Operating 
Voltage 


Positive 
Supply 
Current(10) 


Negative 
Supply 
Currentf10j 


Total 
Power 
Dissipation 


Vo = ±lV 
Vo = ±IV 


Vo = ±IV 
Vo = ±IV 
Vo = ±0.5 


TEMPERATURE 
RANGE 


Specification 
Storage 


Thermal 
Resistance, 
8JA 


SHC605AU 


TYP 
UNITS 


ns 


ps 
rms 


mV 
mV 
mV 
ns 
ns 


dBc 
dBc 
dBc 
dBc 
dBc 


VIs rms 
mV/~~ 
it) 
dB 
0 
CD 


V 
0 


mA 
J: 
mA 
mW 
en 


°C 
°C 


°cm 


Full 
Full 


+25°C 


Full 
Full 
Full 
Full 


NOTE: (1) Select (Pin 10) connected 
to +Vs for TIL 
threshold voltage on Pin 11. (2) Select (Pin 10) connected 
to -Vs for ECL threshold voltage on Pin 11. (3) 


Output 
voltage 
on 
pin 
11. 
(4) 
Pin 
10 
(Select) 
connected 
to +Vs- 
(5) 
Pin 
10 
(Select) 
connected 
to -Vs- 
(6) 
Slew 
rate 
is rate 
01 change 
from 
10% 
to 90% 
of a 2V 


output step_ (7) Acquisition 
time includes 
hold-to-track 
delay switch time. 
(8) Hold noise is proportional 
to the time in the hold mode. 
For example, 
if the hold time 
is 25ns, the accumulated 
noise is 10J.lVrms. (9) This is the maximum 
length of time the SHC605 
can remain 
in the hold mode and still maintain 
a linear droop rate. 
(10) Select (Pin 10) connected 
to +Vs. 


Supply.. 
. 
±7VDC 
Input Voltage Range 
±5V 
Differential 
Input Voltage 
±5.5V 
(between +In and -In 
inputs) 


Storage 
Temperature 
Range 
-40°C 
to +125°C 


Lead Temperature 
(soldering, 
SOIC 3s) 
+260°C 
Output 
Short Circuit to Ground 
(+25°C) 
.. 
. 
Continuous 
to Ground 


Junction 
Temperature 
(Tj) 
...........••••.•••••••.••.•••••••....••.••••.••..•••..•.••.• 
+175°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


SHC605AU 
16-Pin SOIC 
265 


PACKAGE 


16-Pin SOIC 


TEMPERATURE 


-40OC to +85°C 


Full 
Full 
Full 


+25OC 


+25°C 


90 
86 
77 
60 
72 


400xtH 
±1 
±8 
2 
85 


±5 
±5.50 
34 
39 
33 
39 
335 
390 


+85 
+150 
100 


Full 
Full 


+25°C 


A 
ELECTROSTATIC 
J.l:tia. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 


parametric 
changes could cause the device not to meet its 


published 
specifications. 
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PIN DESCRIPTION 


U Package 
16-Pln SOIC 


+In 
16 
-Vs 


+VS 


AGND 


AGND 


-In 
VOUT 


PIN t 
SYMBOL 
DESCRIPTION 


1 
+In 
Non-Inverting 
Input 
2 
+Vs 
+5V Supply 
3 
+Vs 
+5V Supply 
4 
DGND 
Digital Ground 
5 
AGND 
Analog Ground 
6 
AGND 
Analog 
Ground 
7 
AGND 
Analog Ground 
8 
-In 
Inverting 
Input 
9 
VOUT 
Oulput Voltage 


10 
Select 
+5V Selects ITl; 
-5V 
Selects ECl 
11 
Thresh/Hold 
Logic threshold 
for single-ended 


operation 
or complement 
Hold input for 
differential 
operation 
12 
Hold 
True 
Hold input 
13 
lock 
Complement 
lock 
Input 
14 
Lock 
True Lock input; Locks SHC60S 
in 


Hold-mode 
regardless 
of Hold/Hold 
Inputs 
15 
-Vs 
-5V Supply 
16 
-Vs 
-5V 
Supply 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
+In 
10 
Select 


2 
+Vs 
11 
Comp 
3 
+Vs 
12 
Thresh/Hold 
4 
DGND 
13 
Hold 
5 
AGND 
14 
Lock 
6 
C2 
15 
Lock 
7 
C, 
16 
-Vs 


8 
-In 
17 
-Vs 


9 
VOUT 


MilS 
(0.001") 
MilLIMETERS 


Die Size 
58x80 
Die Thickness 
14±1 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Gold 


Metallization 
Gold 
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TYPICAL PERFORMANCE CURVES 


ACQUISITION 
TIME 


vs NON·INVERTING 
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SNR vs INPUT FREQUENCY 
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LARGEST HARMONIC 
LARGEST 
HARMONIC 
vs INPUT FREQUENCY 
(Track Mode) 
vs INPUT FREQUENCY 
(Hold Mode) 
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HOLD·MODE 
DISTORTION 
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TIMING DEFINITIONS 


-2V 


Hold 
J 


"Hold" 
\ 


"Track" 
I 


"Hold" 


Command 
\ 
I 
q, 


Acquisition 
Time is the time it takes to reacquire the input 
signal when switching 
from the hold to track mode. This 
time interval starts at 50% of the clock transition 
and ends 
when the input signal is reacquired 
to within 
a specified 
accuracy 
at the output. This specification 
does not include 
the track-to-hold 
settling time. 


Aperture 
Delay is a measure of the track-to-hold 
switch 


delay time. It is the difference 
between 
the analog 
input 
amplifier's 
signal path delay and the digital track-to-hold 
switch delay. A positive 
delay indicates the digital switch 


delay is larger than the analog amplifier delay. 


Aperture 
Jitter is random variation in the aperture delay. 
TIlis specification 
is measured in ps-rms and results in phase 
noise on the held signal. A large aperture jitter value can 
manifest 
itself by degrading 
the SNR of a sampling ADC. 


Droop Rate is the change of the held output voltage as a 
function of time. The measurement 
starts immediately 
after 
the device switches from the track to hold mode. 


Hold to 
Track 
Switch 
Delay 
~ 


Feedthrough 
Rejection is a measure of the amount of the 
input signal that "feeds 
through" 
to the output 
while the 
device is in the hold mode. This specification 
is usually a 
function of frequency, 
with degradation 
at higher frequen- 
cies. 


Hold-to- Track Delay is the time from the track command 
to the point when the output begins changing 
to acquire a 
new signal. This delay is included in the SHC605's 
specified 
acquisition 
time. 


Pedestal 
Offset is the error voltage step incurred at the 
output when the device is switched 
from the track to hold 
mode. 


Track-to-Hold 
Settling Time is the time for the track to 
hold transient to settle to within a specified 
accuracy. 


Voltage 
/LevelHeld 
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THEORY OF OPERATION 


The SHC60S 
is a monolithic 
track-and-hold 
circuit 
fabri- 
cated on an extremely 
fast complementary 
bipolar process. 


Figure 2 provides a simplified circuit diagram of the SHC60S. 
A conventional 
two-stage 
operational 
amplifier 
is shown 
with a standard 
differential 
phase 
compensation 
scheme 
sometimes 
referred to as "doublet 
compensation." 
Capaci- 
tors C, and Cz compensate 
the amplifier 
in the track-mode 
and hold the analog output signal in the hold-mode. 
Switch- 
ing from 
track 
to hold 
is achieved 
by turning 
off the 
amplifier's 
input stage and isolating 
C, and Cz from the 
input signal. 


The 
differential 
two-stage 
amplifier 
architecture 
of the 
SHC60S provides many performance 
advantages 
over tradi- 


tional open-loop 
designs. The use of differential 
hold ca- 
pacitors 
provides 
a first -order correction 
for many errors 
including distortion, 
pedestal, and droop. A dominant cause 
of distortion 
in high-speed 
amplifiers 
is the nonlinear 
tran- 
sistor junction capacitance connected to the hold capacitor(s). 
This parasitic 
capacitance 
varies 
as the voltage 
across 
it 
changes. 
Most 
open-loop 
track-and-hold 
circuits 
have 
a 
fixed gain of +lVN, 
which means the hold capacitor(s) 
and 
parasitic 
junction 
capacitance 
sees the full output 
signal 


I 


e, 


TrackIHold 


swing. In the SHC60S the second gain stage attenuates 
the 
signal across the capacitors 
and greatly reduces the nonlin- 
ear capacitance. 
The SHC60S's 
second stage has a unity- 
gain bandwidth of approximately 
2S0MHz and its open-loop 
gain rolls off at -20dB/decade. 
With a 2.SMHz signal, the 
voltage across the hold capacitors 
is 100 times less than the 
output 
signal, and therefore, 
the nonlinear 
capacitance 
is 
greatly reduced. 


The SHC60S's 
patented architecture 
provides users with an 
extremely 
accurate 
high-speed 
operational 
track-and-hold 
amplifier. 
All common operational 
amplifier 
transfer func- 
tions can be realized with the SHC60S; i.e. unity-gain, 
non- 
inverting 
gain, inverting 
gain, and differential 
gain. These 
configurations 
are shown in Figures 3 through 6. In many 


instances, the SHC60S provides a superior single-chip 
solu- 
tion to applications 
previously 
requiring 
two or more de- 
vices. As with any conventional 
voltage feedback op amp, it 
is important to consider tradeoffs between noise, bandwidth, 
and settling time for these applications. 
Refer to Discussion 
of Performance 
and Typical Performance 
Curves for more 
details. 
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Hold-mode 
distortion 
is an important 
specification 
for a 
track-and-hold 
amplifier. This is a measure of the accuracy 
of the amplifier's 
held output while sampling 
a sinusoidal 
input 
signal. 
It includes 
errors 
from both the switching 
network and the amplifier's 
signal path. Hold-mode 
distor- 


tion depends on the input signal's 
amplitude 
and frequency 
as well as the sampling rate. The biggest cause of distortion 
in the SHC605 
is slew-induced 
nonlinearity; 
the higher the 
amplitude 
of a high frequency 
input, the higher the distor- 
tion. Hold-mode distortion can also result from sampling too 
fast or not allowing enough acquisition time or track-to-hold 
settling time. The SHC60S has a typical 0.0 I% acquisition 
time of 30ns for a 2V step, and a typical 
100J,lV track-to- 


hold settling 
time of ISns. Thus, 
for 12-bit accuracy 
the 


clock 
rate 
should 
not exceed 
22MHz 
(refer 
to Typical 


Performance 
Curves for details). 


NOISE 


The 
SHC60S's 
noise 
performance 
is almost 
completely 
determined 
by track-mode 
noise. This is the noise sampled 
by the differential 
hold capacitors during track-mode, 
which 


is greater than the noise measured directly at the output. The 
input referred noise of the SHC60S is 2.Sn V/..JHZ. For unity- 
gain this corresponds 
to an output noise of approximately 


3SJ,lVrms; which is much lower than the typical 
ISOJ,lVrms 
noise sampled by the hold capacitors. 
The track-mode 
noise 


sampled 
by the hold capacitors 
is independent 
of closed- 
loop gain, 
and therefore, 
the SHC605 
can be used with 


higher closed-loop 
gain without degrading the overall noise 
performance. 


+sv = ITl 
-sv = Eel 


@VOUT 


The SHC60S's 
noise performance 
is also affected by hold- 
mode noise and aperture jitter. Hold-mode 
noise is the result 
of current noise reacting with the hold capacitors. This noise 
accumulates 
on the capacitors at a rate which is proportional 
to the square root of the hold time. For sample rates above 
IMHz 
this noise 
is usually 
insignificant. 
Aperture 
jitter 
describes 
the random 
variation 
in track-to-hold 
aperture 


delay, 
and causes 
increased 
hold-mode 
noise 
when high 


slew rate signals are sampled. A differential 
ECL clock input 
will provide lower aperture jitter than a single-ended 
ECL or 


TTL clock. 


CHOOSING 
THE BEST ARCHITECTURE 


The SHC60S is basically a high-speed 
operational 
amplifier 
which can hold its output on command. 
Unlike traditional 


high-speed track-and-hold 
amplifiers, which have fixed gains 
of +IV/V, 
the SHC60S 
can be used with non-inverting, 


inverting, 
or differential 
gains. 
In many 
applications, 
a 
single SHC60S can be used to solve a problem 
that previ- 
ously required two or more devices. 


Figures 3 through 6 show the SHC60S connected 
for non- 


inverting, 
inverting, 
and differential 
gains. As with any op 
amp, it is important to consider performance 
tradeoffs for all 
of these configurations. For gains less than ±10, the SHC60S' s 
track-to-hold 
settling, pedestal offset, droop, and total hold- 
mode noise remains constant. However, 
small-signal 
band- 


width 
and acquisition 
time 
will be compromised 
as the 
closed-loop 
gain is increased 
(refer to the Typical 
Perfor- 
mance Curves for details). 
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+5V=TIl 
-5V = ECl 


@VOOT 


VOUT 
R1 
V;-=-R; 


LOGIC COMPATIBILITYITRACK-TO-HOLD 
SWITCHING 


The SHC60S 
contains 
an internal 
reference 
circuit 
which 
produces either an ECL or TIL 
logic threshold 
voltage for 
single-ended 
track-to-hold 
switching. 
Differential 
ECL 
switching is also possible with the SHC60S. Table I provides 
the proper pin connections 
for all of the possible switching 
options and the Performance 
Specifications 
Table gives the 
logic levels and input bias currents. 


DGND 
SELECT 
THRESHIHOLD 
HOLD 
LOGIC TYPE 
(Pin 4) 
(Pin 10) 
(Pin 11) 
(Pin 12) 


Single-ended 
TIl 
GND 
+5V 
NC 
Clock 
Single-ended 
ECl 
GND 
-5V 
NC 
Clock 
Differential 
EeL 
NC 
NC 
Clock 
Clock 


+5V =TIl 
-5V. 
ECl 


@ VOOT 


The SHC60S includes 
additional 
logic circuitry 
which al- 


lows 
edge-triggered 
operation 
for sampling 
ADCs. 
The 


lockout comparator and Track/Hold comparator form a wired- 
or mode control circuit as shown in the block diagram 
on. 


page one. When the Lock input, pin 14, is high with respect 
to the Lock input, pin 13, the SHC60S is in the Hold-mode 
regardless 
of the Hold/Hold 
inputs. This feature 
provides 
more flexibility 
in the convert 
command 
duty cycle 
and 


reduces noise resulting from aperture jitter. 


Figure 7 shows how the SHC60S lockout circuit can be used 
with an ECL one-shot to provide an edge-triggered 
sampling 
ADC. An ECL threshold 
voltage 
is generated 
on Thresh/ 


Hold (Pin II), which is connected to Lock (Pin 13), to allow 
a single-ended 
lockout 
input on Lock (Pin 14). The ECL 
convert 
command 
is applied directly 
to the SHC60S. 
The 


IOns delay 
on the ADCs 
convert 
signal 
is to allow 
for 
SHC60S 
track-to-hold 
settling. 
The one-shot's 
duty cycle 


Track 
Hold 
Hold 
Hold 
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will depend on the ADC conversion 
time. In this application 
the one-shot 
is used to set the critical ADC timing which 


means the user has more freedom 
in selecting the convert 
command duty cycle. Since the convert command is applied 
directly 
to the SHC605-instead 
of after additional 
logic 
and clock conditioning-aperture 
jitter noise is minimized. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


The SHC605's 
input offset voltage is laser-trimmed 
and will 
require no further adjustment 
for most applications. 
How- 
ever, if additional adjustment is needed, the circuit in Figure 
8 can be used without degrading 
offset drift with tempera- 


ture. Avoid 
external 
adjustment 
whenever 
possible 
since 
extraneous 
noise, such as power supply noise, can be inad- 
vertently 
coupled 
into the amplifier's 
inverting 
input. Re- 
member 
that additional 
offset errors can be created by the 
amplifier's 
input bias currents. 
Whenever 
possible, 
match 
the impedance seen by both inputs as is shown with R3. This 
will reduce input offset voltage errors due to the amplifier's 
input offset current, which is typically 
only 0.2J.lA. 


INPUT PROTECTION 


The SHC605 incorporates 
on-chip ESD protection diodes as 
shown in Figure 9. All pins on the SHC605 
are internally 
protected 
from ESD by means 
of a pair of back-to-back 


reverse-biased 
diodes 
to either 
power 
supply 
as shown. 
These diodes will begin to conduct when the input voltage 
exceeds either power supply by about 0.7V. This situation 
can occur with loss of the amplifier's 
power supplies while 
a signal source 
is still present. 
The diodes 
can typically 
withstand a continuous 
current of 30mA 
without destruc- 


tion. To insure long term reliability diode current should be 
externally 
limited to 10mA or so whenever possible. 
Static 


damage can cause subtle changes in SHC605 
input charac- 


teristics without necessarily 
destroying 
the device. In preci- 
sion track-and-hold 
amplifiers, 
this may cause a noticeable 


degradation 
in performance. 
Therefore, 
static protection 
is 


recommended 
when handling the SHC605. 


+Vcc 
ESD Protection 
Diodes 
Internally 


~ 


Connected 
to All Pins 


External 
Internal 


Pin 
- 
- 
- 
- 
- 
- 
- Circuitry 


-Vec 


LAYOUT 
AND BYPASSING 


For best performance, 
good high speed design techniques 


must be applied. 
The component 
(top) side ground 
plane 
should 
be as large as possible 
and continuous 
(not frag- 


mented). Two ounce copper cladding 
is recommended. 


All traces 
should 
be as short as possible, 
especially 
the 
output. As much of the ground plane as possible should be 
removed from around the +In, -In, and VOUT pins to reduce 
parasitic capacitance 
and minimize coupling onto the analog 
signal path. 


Power supply decoupling 
capacitors must be used as shown 


in Figures 3 through 6. The O.OIW capacitors should be low 
inductance 
surface mount devices and should be connected 
as close to the SHC605 
±Vs leads as possible 
(within 
30 


mils). The lW 
low frequency 
bypass capacitors 
should be 


tantalum capacitors 
(preferably 
surface mount) and should 


be located within one inch of the SHC605. 
Surface mount 


resistors 
are also recommended 
and should 
be placed 
as 
close to the SHC605 as possible to minimize 
inductance. 


CAPACITIVE 
LOADS 


The SHC605's 
output 
stage has been optimized 
to drive 


resistive loads as low as 50n. Capacitive loads will decrease 
the amplifier's 
phase 
margin 
which may cause high fre- 


quency peaking or oscillations. 
Capacitive loads greater than 


IOpF should be buffered by connecting 
a small resistance, 


usually 20n 
to 50n, 
in series with the output as shown in 


r 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


APPLICATIONS 
Figure 
10. This is particularly 
important 
when driving high 
capacitance 
loads such as flash AID converters. 


The series resistor, Rs, should be connected 
as close to the 
SHC605 as possible. If Rs causes excessive output attenua- 
tion, 
add closed-loop 
gain to the SHC605 
as shown 
in 
Figures 4 through 6. 


In general, capacitive 
loads should be minimized 
for opti- 


mum high frequency performance. 
Coax lines can be driven 
if the cable 
is properly 
terminated. 
The 
capacitance 
of 
coaxial cable (29pF/foot for RG-58) will not load the ampli- 
fier when the coaxial cable or transmission 
line is terminated 
in its characteristic 
impedance. 


Analog Input 


Ch 1 


The SHC605's 
combination 
of high speed 
and accuracy, 


small size, and low price makes it ideally suited for many 
data acquisition applications. 
Its versatile operational 
ampli- 
fier architecture 
and switching 
flexibility 
provides 
users 
with an extremely 
reliable single-chip 
solution to problems 
that previously 
required 
several 
components. 
Figures 
II 
through 16 show many application circuits using the SHC605. 
These include high-speed 
flash and sub-ranging 
ADC driv- 


ing, multi-channel 
simultaneous 
sampling, DAC deglitching, 


and peak detecting. 
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Wide-Bandwidth, 
DC RESTORATION 
CIRCUIT 


• 
PROPAGATION 
DELAY: 
2.2n5 


• 
BANDWIDTH: 
OTA: 750MHz 
Comparator: 
280MHz 


• 
LOW INPUT BIAS CURRENT: 
-o.3~A 


• 
SAMPLE/HOLD 
SWITCHING 
TRANSIENTS: 
+1/-7mV 


• 
SAMPLE/HOLD 
FEEDTHROUGH 
REJECTION: 
100dB 


• 
CHARGE 
INJECTION: 
40fC 


• 
HOLD COMMAND 
DELAY TIME: 3.8n5 


• 
nLlCMOS 
HOLD CONTROL 


The SHC615 
is a complete 
subsystem 
for very fast 
and precise DC restoration, 
offset clamping, 
and low 
frequency hum suppression 
of wideband amplifiers or 
buffers. 
Designed 
to stabilize 
the performance 
of 
video signals, 
it can also be used as a sample/hold 
amplifier, 
high-speed 
integrator, 
or peak detector for 
nanosecond 
pulses. 
A 
wideband 
Operational 
Transconductance 
Amplifier 
(OTA) with a high-im- 
pedance cascode current source output and fast sam- 
pling comparator 
set a new standard 
for high-speed 
applications. 
Both can be used as stand-alone 
circuits 
or combined 
to form a more complex 
signal process- 
ing stage. The self-biased, 
bipolar OTA can be viewed 
as an ideal voltage-controlled 
current 
source 
and is 


• 
BROADCAST/HDTV 
EQUIPMENT 


• 
TELECOMMUNICATIONS 
EQUIPMENT 


• 
HIGH-SPEED 
DATA ACQUISITION 


• 
CAD MONITORS/CCD 
IMAGE 
PROCESSING 


• 
NANO SECOND PULSE INTEGRATOR! 
PEAK DETECTORS 


• 
PULSE CODE MODULATOR! 
DEMODULATOR 


• 
COMPLETE 
VIDEO DC LEVEL 
RESTORATION 


• 
SAMPLE/HOLD 
AMPLIFIER 


optimized 
for low input bias current. 
The sampling 
comparator 
has two identical 
high-impedance 
inputs 
and a current source output optimized 
for low output 
bias current and offset voltage; it can be controlled 
by 
a TTL-compatible 
switching 
stage 
within 
a few 
nanoseconds. 
The transconductance 
of the OTA and 
sampling 
comparator 
can be adjusted 
by an external 
resistor, 
allowing 
bandwidth, 
quiescent 
current, 
and 
gain tradeoffs 
to be optimized. 


The SHC615 is available in SO-14 surface mount and 
l4-pin 
plastic 
DIPs, 
and is specified 
over the ex- 
tended temperature 
range of -40°C 
to +85°C. 


.----------- 
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_i 


BURR-BROWN* 
IElEU 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


DC SPECIFICATIONS 


SHC615AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE, 
V.atVB=O 
Initial 
8 
±40 
mV 


V$ Temperature 
40 
~vrc 
vs Supply (tracking) 
Vee = ±4.5V to ±5.5V 
50 
55 
dB 


B-INPUT BIAS CURRENT 
Initial 
-0.3 
±D.9 
~ 


V$ Temperature 
1 
nArC 


C-OUTPUT 
BIAS CURRENT, 
Ie at VB = 0 
Initial 
-200 
-77 
+100 
~A 


B-INPUT IMPEDANCE 
4.4 
MQ 


INPUT NOISE 
Voltage Noise Density, B-to-E 
fOUT 
= 100kHz to 100MHz 
2.2 
nV/,[HZ 


Voltage Noise Density, B-to-C 
fOUT 
= 100kHz fo 100MHz 
4.5 
nV/,[HZ 


INPUT VOLTAGE 
RANGE 
±3.4 
V 


OUTPUT 
Output Voltage Compliance 
±3.2 
V 


C-Current Output 
±18 
±20 
mA 
E-Current Output 
±18 
±20 
mA 
C-Outputlmpedanee 
0.5 
MQ 


E-Outputlmpedanee 
12 
n 
Open-Loop 
Gain 
96 
dB 


TRANSCONDUCTANCE 
Small Signal, <200mV 
70 
mAN 


A ELECTROSTATIC 


~DISCHARGE 
SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 


propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 


to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-DROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
aURA-BROWN 
assumes no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are 


subject to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant any BURR·BROWN 
product for use in life support devices and/or systems. 
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SHC615AP. 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


COMPARATOR 


INPUT BIAS CURRENT 
Initial 
1.0 
±5 
~A 
vs Temperature 
-2.3 
nAloC 


C-OUTPUT 
BIAS CURRENT 


Initial 
±10 
±50 
~ 
vs Temperature 
±13 
nAf'C 


INPUT IMPEDANCE 
Input Impedance 
0.2 
MQ 


INPUT NOISE 


Voltage 
Noise Density 
fOUT = 100kHz to 100MHz 
5 
nV/'I'HZ 


INPUT VOLTAGE 
RANGE 
Input Voltage Range 
±3.0 
V 
Common· Mode Input Range 
±3.2 
V 


OUTPUT 
Output Voltage 
Compliance 
±3.5 
V 
C·Current 
Output 
±2.5 
±3.2 
mA 
C·Output Impedance 
620112 
kQII pF 


Open-Loop 
Gain 
83 
dB 


TRANSCONDUCTANCE 
Transconductance 
22 
mAN 


HOLD CONTROL 
Logic 1 Voltage 
+2 
+Vcc +0.6 
V 


Logic 0 Voltage 
0 
0.8 
V 


Logic 1 Current 
V Hold Control = 5.0V 
1 
~A 


Logic 0 Current 
V Hold Control = 0.8V 
0.05 
~ 


TRANSFER 
CHARACTERISTICS 


Charge 
InjectIon 
Track-Io-Hold 
40 
fC 
Feedthrough 
Rejection 
Hold Mode 
-100 
dB 


COMPLETE 
SHC615 


POWER SUPPLY 
Rated Voltage 
±5 
V 


Derated 
Performance 
±4.5 
±5.5 
V 
Quiescent 
Current 
Ro= 
300Q 
±12 
±15 
±18 
mA 
Quiescent 
Current Range 
Programmable 
(Useful Range) 
±3 to ±36 
mA 


TEMPERATURE 
RANGE 


Operating 
-40 
+85 
°C 
Storage 
-40 
+125 
°C 


SHC615AP, 
AU 
I 


PARAMETER 
CONDITIONS 
MIN 
I 
TYP 
I 
MAX 
UNITS 


FREQUENCY 
DOMAIN 


OTA 


LARGE-SIGNAL 
BANDWIDTH 
VOUT: 5.0Vp-p 
430 
MHz 
(~B), 
(B-to-E) 
VOUT: 2.8Vp-p 
540 
MHz 
VOUT= 1.4Vp-p 
620 
MHz 


SMALL·SIGNAL 
BANDWIDTH 
B-TO-E 
VOUT: 0.2Vp-p 
520 
MHz 


DIFFERENTIAL 
GAIN (B- TO-E) 
f = 4.43MHz, VOUT• 0.7Vp-p, 


RL: 
1500 
1.8 
% 


RL: 
5000 
0.1 
% 


DIFFERENTIAL 
PHASE 
f : 4.43MHz, VOUT= 0.7Vp-p, 


RL = 1500 
0.07 
Degrees 
(B-TO-E) 
RL = 5000 
0.01 
Degrees 


HARMONIC 
DISTORTION 
(B-Te-E) 
f = 30M Hz, VOUT' 1.4Vp-p 
. 


Second 
Harmonic 
-50 
dBc 


Third Harmonic 
--46 
dBc 


LARGE SIGNAL 
BANDWIDTH 


(-3dB), 
(B-lo-C) 
VOUT= 5.0Vp-p 
250 
MHz 


VOUT= 2.8Vp-p 
580 
MHz 
it) 
VOUT: l.4Vp-p 
750 
MHz 
,... 
(0 
SMALL 
SIGNAL BANDWIDTH 
0 
B-lo-C 
VOUT= 0.2Vp-p 
680 
MHz 
J: 
COMPARATOR 
Sample Mode 
en 
BANDWIDTH 
loUT: 4mAp-p 
240 
MHz 
(-3dB) 
lOUT= 2mAp-p 
270 
MHz 


lOUT: 1mAp-p 
280 
MHz 


TIME DOMAIN 


OTA 
en 
RISE TIME 
2Vp-p Step, 10% to 90% 
a: 
B-to-E 
1.1 
ns 
W 
B-to-C 
1.2 
ns 
u:: 
SLEW RATE 
2Vp-p, B-to-E 
1800 
VI~s 


B-to-C 
1700 
VI~ 
::::i 


5Vp-p, B-to-E 
3300 
V/~s 
Q. 


B-to-C 
3000 
V/~s 


== 
COMPARATOR 
<t 
RfSETIME 
10% to 90%, 
RL = 500., lOUT= ±2mA 
C 
(Sample Mode) 
CLOAO.1pF 
2.5 
ns 


SLEW RATE 
10% to 90%, 
RL = 500., lOUT= ±2mA 
..J 


(Sample Mode) 
CLOAO= 1pF 
0.95 
mAins 
0 


DYNAMIC 
CHARACTERISTICS 
J: 


Propagation 
Delay Time 
tpDH• 
Voo ""200mV 
2.2 
ns 
Lil 
Propagation 
Delay Time 
tpOL• 
Voo = 200mV 
2.15 
ns 
..J 


Delay Time 
Sample-to-Hold 
3.8 
ns 
Q. 


Hold-lo-Sample 
3.0 
ns 


BURR-BROWNe 
1E3E31 
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Signal Products 


Emitter 


NC 
Hold 


Control 


Collector 


SIH 
(IO<JT) 


In+ 
10Adjust 


SIH 
In- 


Power Supply Voltage (±Vccl 
±6V 
Input Voltage!') 
",±Vcc 
±0.7V 
Operating 
Temperature 
-400C 
to +85°C 


Storage Temperature 
-40°C 
to +125°C 
Junction Temperature.. 
. 
+150°C 


Lead Temperature 
(soldering, 
10s) 
+300°C 


Hold Control.. 
. 
-{l.5V 
to +Vcc +0.7V 


NOTE: (1) Inputs are internally diode-clamped 
to ±Vcc. 


DIE PAD 
FUNCTION 


1 
10Adjust 


2 
OTA-Emitter 
3 
OTA-Base 


4 
CHOlD 


5 
-5V Supply, Analog 
6 
-5V Supply, Digital 
7 
Hold Control 
8 
Ground 


9 
SlH In+ 
10 
SIH In- 
11 
IO<JT'OTA-Collector 
12 
+5V Supply, Analog 


13 
+5V Supply, Digital 


MILS (0,001") 
MILLIMETERS 


Die Size 
73x81,±5 
1.86 x 2.06, ±0.13 
Die Thickness 
14,±1 
0.55, ±0.025 


Min. Pad Size 
4x4 
0.10xO.l0 


Backing: Titanium 
0.02, +0.05, -{l.0 
0.0005, +0.0013, -{l.0 


Gold 
0.30,±0.05 
0.0076. ±0.0013 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


SHC615AP 
Plastic 14-Pin DIP 
010 


SHC615AU 
SO 14-Pin Surface Mount 
235 


MODEL 
PACKAGE 
TEMPERATURE 


SHC615AP 
Plastic 14-Pin DIP 
-40"C 
to +85"C 


SHC615AU 
SO 14-Pin Surface Mount 
-40"C 
to +85"C 
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TYPICAL PERFORMANCE CURVES 


0.0 


-0.1 
<" 
.E, 
-0.2 
" 
-0.3 
~ 
u 
-0.4 


::l 
-0.5 
iii 
" 
-0.6 
~ 
-0.7 
lD 
..i: 


-0.8 
•... 
0 
-0.9 


100 


<".s 
.S' 
E 
~ 
() 
10 
E 
~ 
'"8 
~ 
•... 


...•.•....••.. 


t-- 


I'.. 


- 
1.50 
~ 
"iii 
Eo~ 
.S' 
~ 
--- 
~ 


~ 
~ 


-E 
1.10 
~ 
~ 
0.90 


~ 
0.80 


'"8 
0.70 


"iii 
0.60 
~ 
0.50 
-25 


-- 


, 


25 
50 


Temperature 
(CO) 


12 


;;- 


10 
.s 
'"'"'"'6> 
Q; 
¥!0 
"~ 
lD 
g 


- 


----- 


:..--:= 


.-/ ~ 


......... 


! 


RE• 
lOOn 


18 


16 
a~ 
14 
"g 
12 
* 
10 
·in" 
a: 
8 
'5~ 
lD 
..i: 
•... 
0 


\ 
\\ 


"'--.. --- 


45 


40 
~ 
g 
35 
* 


30 


"ID 
25 
a: 
'5 
20 
%0 
15 
UJ 
..i: 
10 
•... 
0 


\ 
\\. 


"- 


""" 
•..••.. - 
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1.8 


C 
1.6 
~ 
1.4 
~ 1.2 
~ 
'u; 
'" 
a: 


=> 
0.8 
% 
0.6 
0 
()... 
0.4 
I-0 
0.2 


1\ 
. 


\\\ 


1"'- 


"" 


.••...•- 


20 
1 15 


<= 
10 


~ 
5 
()i 
0 
o 
-5 


()g 


-20 


-25 


-3.5 -3 -2.5 -2 -1.5 -1 -{).5 
0 
0.5 
1 
1.5 
2 
2.5 
3 
3.5 


OTA-B Input Voltage (V) 


100 


90 


~ 
80 


.s 
70 


'" 
60 
'-' 
<=g 
50 


1:1 
40 
0g 
30 
S 
20 


10 


- 
.--- 
.....- 


/' 


/ 
/' 
/ 
Small Signal 


«200mV) 


-60 


~ 
~5 


C 
-70 
~ -75 
() 


lQ 
jjj 
-80 
5B- 
-85 
<5 
~ 


-90 


0 
-95 


-............ 


-....... r---.-... '-....... 


..••..••...•• 


•.•.•.•. 


•........ 


25 


20 
< 
15 
.s 
c 
10 
~ 
5 
=> 
() 
5 
0 
B- 


-5 
6 
() 
-10 
... 
I- 
-15 
0 


-20 


-25 


-{).2 
-{).15 
-{).1 
-{).05 
0 
0.05 
0.1 
0.15 
0.2 


OTA-B Input Voltage (V) 


OTA-TRANSCONDUCTANCE vs FREQUENCY 


100 


~ 
80 


.s 
'" 
60 
g 
g 


1:1 
40 
0 
~e 
I- 
20 
Large 
Signal 


(>200mV) 


0 
1.0 
10k 
100k 
1M 
10M 
100M 
1G 


Frequency (Hz) 
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~ 


45 


3> 
40 


-S 
~ 


35 


<I> 
30 
0 
5: 
25 


'0z 
20 


<I> 
'" 
15 
J'1 
0> 
10 
w... 
I- 
0 


\ 


I 
\ 
II 
'\ 
II 


2.2nV/,JHz 


I 
I 


i44. 
\1 
I 
1 


1k 
10k 


Frequency (Hz) 


150 


'> 
100 
.s 


<I> 
50 
N 
(5> 


R'N 
• 150n, 
Rl 
• 100n, 
V,N 
• 200mVp·p, 


tR1SE = tFALL :: 1.5n5 
(Generator) 


5 
% 
~ 
-50 
~ 
0-100 


90 


80 


70 


60 


50 


40 


30 


20 


10 


o 
100 


....•.... 


~ it 


I 
I 


I 
I 


" 


I 
I 


\\ 


it 


'\. 
I 


'h 
4.~nV/~ 
I 


I 
." 


20 


10 


a;- 
0 


:!:!. 
c..• 
Cl 
-10 


-20 


I 


2'.8VD~D 


1.4Vp·p 


01.6VD!D 


}2VP!P 
\ 


1500 i-11-~ 
\ 


v~ 
• 
OTA' 
1 


500 :--2UVOUT 


10M 
100M 


Frequency (Hz) 


~ 


<I> 
'" 
J'1 
0>5 
%0 
w 
-1 
... 
I-0 
-2 


A 
R'N = '50n, 
Rl 
= lOOn, 
V,N = 4Vp·p, 


'RISE:: tFALL= 1.5n5 (Generato~) 


20 


10 


0 
a;- 
:!:!. 
c 
-10 
..• 
Cl 
-20 


-30 


5Vp-p 


2.8V ,·n 
~ 
1.4V ,-p 
.••... ,'-. 


0.6V 
-p 


f- 
0.2V 
-p 
'zPl' 
1500 
:- 
---~ 
loon 


Villi 
3, 
OTA' 


I J5OD 


1 


:~~ ~7rI 
I 


10M 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CO NT) 


. 
- 


R'N .1500, 
Re .1000, 
Re 
= 1000, 
VIN :: 200rnVp-p, 
~lSE • t,:-AU •• 1.505 (~enerator) 


'> 
100 
.§. 


'"~ 
50 
gi 
0 
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~ 
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~ 
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'5 
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g. 
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-1 


•• 
>-0 
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RlN = 1500, 
Re .• 1000:, Re 
.100n, 
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'" 4Vp-p, 
~ISE • tfAU. = 1.505 (Generator) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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SWITCHING 
TRANSIENTS 
TEST CIRCUITS 
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DISCUSSION OF 
PERFORMANCE 


The 
SHC615, 
which 
contains 
a wideband 
Operational 


Transconductance 
Amplifier 
and a fast sampling compara- 
tor, represents 
a complete 
subsystem 
for very 
fast 
and 
precise 
DC restoration, 
offset clamping 
and correction 
to 
GND or to an adjustable 
reference 
voltage, 
and low fre- 
quency hum suppression 
of wideband 
operational 
or buffer 


amplifiers. 


Although 
the IC was designed 
to improve or stabilize 
the 
performance 
of complex, wideband video signals, it can also 
be used as a sample and hold amplifier, high-speed 
integra- 


tor, peak detector for nanosecond 
pulses, or demodulator 
or 
modulator for pulse code transmission 
systems. A wideband 
Operational Transconductance 
Amplifier (OTA) with a high- 
impedance 
cascode 
current 
source 
output 
and a fast and 
precise 
sampling 
comparator 
set a new standard 
for high- 


speed sampling applications. 


Both can be used as stand-alone 
circuits 
or combined 
to 


create more complex 
signal processing 
stages like sample 


and hold amplifiers. 
The SHC615 
simplifies 
the design of 
input amplifiers 
with high hum suppression, 
clamping 
or 
DC-restoration 
stages in professional 
broadcast equipment, 


high-resolution 
CAD monitors 
and information 
terminals, 


signal processing 
stages for the energy and peak value of 


small and fast nanoseconds 
pulses, and eases the design of 
high-speed data acquisition systems behind a CCD sensor or 
in front of an analog-to-digital 
converter. 


An external resistor, RQ, allows the user to set the quiescent 
current. ~ 
is connected 
from Pin I (~ adjust) to -Vcc' It 
determines 
the operating 
currents 
of both the OTA and 
comparator 
sections 
and controls 
the bandwidth 
and AC 
behavior 
as well as the transconductance 
of both sections. 


Besides 
the quiescent 
current 
setting feature, 
the Propor- 
tional-to-Absolute- 
Temperature 
(PTAT) supply increases the 
quiescent current vs temperature 
and keeps it constant over 


a wide range of input voltages. 
This 
variation 
holds 
the 
transconductance 
gmof the OTA and comparator 
relatively 
constant vs temperature. 
The circuit parameters 
listed in the 


specification 
table are measured with RQ set to 300n, 
giving 
a nominal 
quiescent 
current at ±15mA. 
The circuit can be 
totally switched-off 
with a current flowing into Pin l. 


OPERATIONAL 
TRANSCONDUCTANCE 
AMPLIFIER (OTA) 


SECTION 
AND OVERVIEW 


The symbol 
for the OTA section 
is similar 
to that of a 
bipolar transistor, and the self-based OTA can be viewed as 
a quasi-ideal 
transistor 
or as a voltage-controlled 
current 
source. Application 
circuits for the OTA look and operate 
much like transistor circuits-the 
hipolar transistor, also, is 
a voltage-controlled 
current source. Like a transistor, 
it has 


three terminals: a high-impedance 
input (base) optimized for 
a low input bias current of 0.3!1A, a low-impedance 
input/ 


output 
(emitter), 
and the high-impedance 
current 
output 


(collector). 


The OTA consists of a complementary 
buffer amplifier and 


a subsequent 
complementary 
current 
mirror. 
The 
buffer 


amplifier features a Darlington 
output stage and the current 
mirror has a cascoded output. The addition of this cascode 
circuitry 
increases 
the current 
source output 
resistance 
to 


IMn 
and the open-loop 
gain to typically 
96dB. Both fea- 
tures improve the OTAs linearity and drive capabilities. 
Any 


bipolar 
input voltage 
at the high impedance 
base has the 


same polarity and signal level at the low impedance 
buffer 
or emitter output. For the open-loop 
diagrams the emitter is 


connected 
to GND and then the collector 
current is deter- 
mined 
by the product 
voltage 
between 
base and emitter 
times the transconductance. 
In application 
circuits 
(Figure 
2b.), a resistor RE between emitter and GND is used to set 
the OT A transfer 
characteristics. 
The following 
formulas 


describe 
the most important 
relationships. 
rE is the output 
impedance of the buffer amplifier (emitter) or the reciprocal 
of the OTA transconductance. 
Above ±5mA, collector cur- 
rent, Ie, will be slightly less than indicated 
by the formula. 


VIN 
VIN 
Ie=--- 
RE=---rE 
rE +RE 
Ie 


The 
RE resistor 
may 
be bypassed 
by a relatively 
large 


capacitor 
to maintain high AC gain. The parallel combina- 
tion of RE and this large capacitor 
form a high pass filter 
enhancing the high frequency gain. Other cases may require 
a RC compensation 
network parallel to RE to optimize 
the 
high-frequency 
response. 
The full power bandwidth 
mea- 


sured at the emitter 
achieves 
620MHz. 
The frequency 
re- 


sponse of the collector 
is directly 
related to the resistor's 


value between collector and GND; it decreases with increas- 
ing resistor values, because it forms a low-pass network with 
the OT A C-output capacitance. 


Figure 
I shows a simplified 
block and circuit 
diagram 
of 


the 
SHC615 
OTA. 
Both 
the 
emitter 
and 
the 
collector 
outputs offer a drive capability 
of ±20mA 
for driving 
low 
impedance 
lines or inputs. Connecting 
the collector 
to the 
emitter in a direct-feedback 
buffer configuration 
increases 


the drive capability 
to ±40mA. 
The emitter 
output 
is not 
current-limited 
or protected. 
Momentary 
shorts 
to GND 
should 
be avoided, 
but are unlikely 
to cause 
permanent 
damage. 


While 
the OTA's 
function 
and labeling 
looks 
similar 
to 
that of transistors, 
it offers essential 
distinctive 
differences 


and improvements: 
I) The collector 
current 
flows out of 
the C terminal for a positive B-to-E input voltage and into 
it for negative 
voltages; 
2) A common 
emitter 
amplifier 
operates 
in non-inverting 
mode while 
the common 
base 
operates 
in inverting 
mode; 3) The OTA is far more linear 
than a bipolar 
transistor; 
4) The transconductance 
can be 


adjusted 
with an external 
resistor; 
5) Due to the PTAT 
biasing 
characteristic 
the quiescent 
current 
increases 
as 


shown 
in the typical 
performance 
curve 
vs temperature 
and keeps the AC performance 
constant; 
6) The OT A is 


self-biased 
and bipolar; 
and, 7) The output current 
is zero 


for zero differential 
input voltages. 
AC inputs centered 
at 
zero produce 
an output current 
centered 
at zero. 
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R. 
Rl 
Vo 


Vo 
100n 
3:B 
Non-lnvertingGain 


Inverting Gain 


V, 


Rl 
Vas,O 


V, 
Vas .•.•several 
volts 


R. 
RE 
-:- 


(A) Common 
Emitter 
Amplifier 


Transconductance 
varies 
over temperature. 


(B) Comrnon-E 
Amplifier 


Transconductance 
remains 
constant 
over temperature. 


FIGURE 2. a) Common Emitter Amplifier Using a Discrete Transistor; 
b) Common-E Amplifier Using the OTA Portion of the 


SHC6l5. 


BASIC APPLICATIONS 
CIRCUITS 


Most application 
circuits for the OTA section consist of a 


few basic types which are best understood 
by analogy 
to 
discrete 
transistor 
circuits. 
Just as the transistor 
has three 


basic 
operating 
modes---eommon 
emitter, 
common 
base, 
and common collector-the 
OTA ha. three equivalent oper- 


ating modes common-E, 
common-B, 
and common-C 
(See 
Figures 2, 3 and 4). Figure 2 shows the OTA connected 
as 


a Common-E 
amplifier 
which is equivalent 
to a common 
emitter transistor amplifier. Input and output can be ground 
referenced 
without 
any biasing. 
Due to the sense of the 


output current, the amplifier is non-inverting. 


Figure 4 shows the common-B 
amplifier. This configuration 


produces an inverting gain, and the input is low-impedance. 
When a high impedance input is needed, it can be created by 
inserting a buffer amplifier 
like BUF600 
in series. 
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1 
1+ __ 1_ 
gm· RE 


FIGURE 3. a) Common Collector Amplifier Using a Discrete 
Transistor; b) Common-C Amplifier Using the 
OTA Portion of the SHC615. 


SAMPLING 
COMPARATOR 


The SHC615 
sampling 
comparator 
features 
a very short 
2.2ns propagation 
delay and utilizes a new switching circuit 
architecture 
to achieve excellent 
speed and precision. 


It provides 
high 
impedance 
inverting 
and non-inverting 
inputs, a high-impedance 
current source output and a TTL- 
CMOS-compatible 
Hold Control Input. 


The sampling comparator consists of an operational transcon- 
ductance 
amplifier 
(OTA), a buffer amplifier, 
and a subse- 
quent switching 
circuit. The OTA and buffer amplifier 
are 
directly tied together at the buffer outputs to provide the two 
identical high-impedance 
inputs and high open-loop transcon- 
ductance. 
Even a small differential 
input voltage multiplied 
with the high transconductance 
results 
in an output 
cur- 
rent-positive 
or negative----<:lepending upon the input polar- 
ity. This is similar to the low or high status of a conventional 
comparator. 
The current source output features high output 
impedance, 
output bias compensation, 
and is optimized 
for 
charging a capacitor in DC restoration, 
nanosecond 
integra- 
tors, peak detectors and S/H circuits. The typical comparator 
output 
current 
is ±3.2mA 
and the output 
bias current 
is 
minimized 
to typically ±lO~l.A in the sampling mode. 


This innovative circuit achieves the slew rate representatives 
of an open-loop 
design. 
In addition, 
the acquisition 
slew 
current for a hold or storage capacitor is higher than standard 
diode bridge and switch configurations, 
removing 
a main 
contributor 
to the limits of maximum 
sampling 
rate and 
input frequency. 


The switching 
circuits in the SHC6l5 
use current steering 
(versus 
voltage 
switching) 
to provide 
improved 
isolation 
between the switch and analog sections. This results in low 
aperture time sensitivity 
to the analog 
input 
signal, 
reduced 
power supply and analog switching 
noise. Sample-to-hold 
peak switching 
is 40fC. 


FIGURE 
4. a) Common 
Base Amplifier 
Using a Discrete 
Transistor; 
b) Common-B 
Amplifier Using the 
OTA Portion of the SHC615. 


The additional offset voltage or switching transient induced 
on a capacitor at the current source output by the switching 
charge can be determined 
by the following 
formula: 


Offset(V) 
= Charge(pC) 
CH Total(pF) 


The switching stage input is insensitive to the low slew rate 
performance 
of the hold control command 
and compatible 
with TTL/CMOS 
logic levels. With a TTL logic high, the 
comparator 
is active, comparing 
the two input voltages and 
varying the output current 
accordingly. 
With a TTL logic 
low, the comparator 
output is switched off. 


The SHC615 operates from ±5V power supplies (±6V maxi- 
mum). Do not attempt to operate with larger power supply 
voltages or permanent 
damage may occur. 


Inputs 
of the SHC615 
are protected 
with internal 
diode 
clamps as shown in Figure 
I. These protection 
diodes can 
safely conduct 
lOmA continuously 
(30mA peak). If input 
voltages can exceed the power supply voltages by O.7V, the 
input signal current must be limited. 


Figure 6 shows the basic connections required for operation. 
These 
connections 
are not 
shown 
in subsequent 
circuit 
diagrams. Power supply bypass capacitors should be located 
as close 
as possible 
to the device 
pins. 
Solid 
tantalum 
capacitors are generally best. See "Circuit Layout" at the end 
of the applications 
discussion 
for further 
suggestions 
on 
layout. 
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If the high speed TIL-hold 
command 
signal goes negative 
due to reflections 
for AC-coupling, 
the hold control 
input 
must 
be protected 
by an external 
reverse 
bias diode 
to 
ground as shown in Figure 6. 


CIRCUIT 
LAYOUT 


The high-frequency 
performance 
of the SHC6l5 
can be 
greatly affected by the physical layout of the printed circuit 
board. The following tips are offered as suggestions, 
not as 
absolute requirements. 
Oscillations, ringing, poor bandwidth, 
poor 
settling, 
and peaking 
are all typical 
problems 
that 


plague high-speed 
components 
when they are used incor- 
rectly. 


• Bypass 
power 
supplies 
very close 
to the device 
pins. 


Use tantalum 
chip 
capacitors 
(approximately 
2.2~F); 
parallel 
470pF 
and/or 
IOnF ceramic 
chip 
capacitors 
may 
be 
added 
if desired. 
Surface 
mount 
types 
are 
recommended 
because 
of their 
low 
lead 
inductance. 


Supply 
bypassing 
is extremely 
critical 
at high frequen- 
cies and when driving 
high current 
loads. 


• PC board traces for power lines should be wide to reduce 
impedance. 


FIGURE 5. a) Simplified Block Diagram; and, b) Circuit Diagram of the Sampling Comparator 
which Includes the Sampling 
Operational 
Transconductance 
Amplifier (SOTA) and the Switching Stage. 
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• Make 
short, 
low-inductance 
traces. 
The entire 
physical 
circuit should be as small as possible. 


• Use a low-impedance 
ground plane on the component 
side 
to ensure that a low-impedance 
ground is available through- 
out the layout. 


• Do not extend 
the ground 
plane 
under high-impedance 
nodes sensitive to stray capacitances 
such as the amplifier's 
input terminals. 


• Sockets are not recommended 
since they add significant 
inductance 
and parasitic 
capacitance. 
If sockets 
are re- 
quired, use zero-profile 
sockets. 


• Use low-inductance, 
surface-mount 
components. 
Surface- 
mount components 
offer the best AC performance. 


(2011 
to 
200(1) 


• A resistor of 100 to 250n 
in series with the high-imped- 
ance inputs is recommended 
to reduce peaking. 


• Plug-in 
prototype 
boards and wire-wrap 
boards will not 
function 
well. 
A clean 
layout 
using 
RF techniques 
is 
essential-there 
are no shortcuts. 


• Terminate 
transmission 
line loads. 
Unterminated 
lines, 


such as box cables, can appear to the amplifier 
to be a 
capacitive or inductive load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 


then appears purely resistive. 


• Protect 
the hold control 
input with an external 
diode if 
necessary. 


I 
I 
I 
I 
I 


: 
~ 
12 
Collector 


,---------. 


: 
Biasing 
I 
I 
.• 


470pF 
10nF 
2.2~F 
I I 1Solid Tanatlum 
-=- 
-:- 
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TYPICAL APPLICATIONS 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
Number 10512 


High Speed 
SAMPLE/HOLD AMPLIFIER 


• 
350ns 
max ACQUISITION 
TIME 


• 
±O.01% THROUGHPUT 
NONLINEARITY 


• 
150ns max 
SAMPlE-TO-HOlD 
SETTLING 
TIME 


• 
INPUT BUFFER 
(SHC803) 


• 
24-PIN HERMETICAllY-SEALED 
METAL 
PACKAGE 


The SHC803 and SHC804 are high speed sample/hold 
amplifiers 
designed for use in fast 12-bit data acquisi- 
tion systems and signal processing systems. The SHC803 
contains a fast-settling 
unity-gain 
amplifier for buffer- 
ing high impedance 
sources 
or for use with CMOS 
multiplexers. 


The SHC804 acquires a IOV signal change in less than 
350ns to ±1/2LSB 
at 12 bits. Throughput 
nonlinearity 


error is guaranteed 
to be within ± 1/2LSB for 12-bit 
systems. Stability over temperature 
is excellent, 
with 
only ±5ppm;oC of gain drift and ±4ppm of FSR;oC of 
charge offset drift over the -25 to +85°C temperature 
range. 


The ±25ps maximum aperture uncertainty 
of SHC803 
and SHC804 
permits 
sampling 
(to ±O.O1% of Full 
Scale Range) of signals with rates of change of up to 
1OOV/~. These sample/holds 
have been optimized for 
use with Burr-Brown's 
high speed 
12-bit analog-to- 
digital converter, model ADC803. Together these com- 
ponents are capable of accurately digitizing fast chang- 
ing signals at sample rates as high as 500k samples per 
second. 


The 
digital 
inputs 
(HOLD 
and 
HOLD) 
are TTL- 
compatible. 
Power supply requirements 
are ±15V and 


+5V and the specification 
temperature 
range is -25°C 


to +85°C. The SHC803 and SHC804 are packaged in 
a 24-pin dual-in-line hermetic metal package. SHC804 
is pin-compatible 
with 
other 
sample/holds 
on the 
market with similar performance 
characteristics. 
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SPECIFICATIONS 


SHC803lSHC804BM 
I 
SHC803ISHC804CM 
I 


PARAMETER 
MIN 
TYP 
MAX 
I 
MIN 
TYP 
MAX 
I 
UNITS 


SAMPLElHOLD 
INPUTS (without 
Input 
Buffer) 


ANALOG 
Voltage Range 
±10.25 
±11 
V 


R'N 
1.00 
kn 


DIGITAL 
(HOLD, HOLD) 


V,H 
+2.0 
V 
VIL 
+0.8 
V 


IIH. 
V1N = +2.7V 
+60 
~ 
Ill' 
V1N= +O.4V 
-1.2 
mA 


SAMPLElHOLD 
TRANSFER 
CHARACTERISTICS 
(without 
Input 
Buffer) 


ACCURACY 
, 


Sample Mode 
Gain 
-1 
VN 
Gain Error 
±0.1 
% 


Temperature 
Coefficient 
±3 
±10 
±1 
±5 
ppml"C 


Linearity Error 
±O.OOl 
±0.OO5 
%of 
FSR(1' 


Zero Offset 
±1 
±5 
±0.5 
±3 
mV 


Temperature 
Coefficient 
±1 
±2.5 
±0.5 
±1.5 
ppm of FSR/"C 
Hold Mode 
Charge Offset 
±2 
±10 
±1 
±5 
mV 


Temperature 
Coefficient 
±3 
±10 
±2 
±4 
ppm of FSRFC 


Droop Rate: at +25°C 
±D.5 
±5 
~V/lIS 
+85°C 
±0.5 
±D.l 
mVillS 
Throughput 
Nonlinearity 
±0.01 
% of FSR 


Power Supply Sensitivity(2): ±Vcc 
±0.002 
% of FSR/% Vcc 
Voo 
±0.003 
% of FSR/OfoVOD 


DYNAMIC 
CHARACTERISTICS 


Acquisition 
Time (with 10V Step) 
to within: ±0.1 % (±10mV) 
220 
ns 
±0.01% (±lmV) 
250 
350 
ns 
Sample-la-Hold 
Settling Time 
to within ±0.01 % (±1 mY) 
100 
150 
ns 
Sample~to-Hold Transient Amplitude 
60 
150 
c 
mVPEAK 
Aperture 
Delay Tlme(3) 
15 
25 
ns 
Aperture 
Uncertainty 
±10 
±25 
ps 
Sample Mode: Output Slew Rate 
160 
V/~s 


Full Power Bandwidth 
1 
MHz 
Small Signal Bandwidth 
16 
MHz 


Hold Mode Feedthrough 
Rejection 


POV Square Wave Input) 
±0.03 
±0.005 
% 


SAMPLElHOLD 
OUTPUT 


Voltage Range 
±10.25 
±11 
V 
Output Current 
±50 
mA 


Short Circuit Protection 
Indefinite to Common 


Output Impedance 
(at DC) 
I 
0.01 
I 
0.1 
Q 


INPUT BUFFER CHARACTERISTICS 
(SHC803 only) 


INPUT 
Offset Voltage 
±112 
±5 
mV 
vs Temperature 
±1.5 
±2.5 
ppm of FSRFC 


Bias Current 
±25 
nA 
Impedance 
10'115 
Q II pF 


V1N Range 
±10.25 
±11 
V 


DYNAMIC 
CHARACTERISTICS 
Full Power Bandwidth 
320 
kHz 
Slew Rate(4) 
10 
V/~s 
Settling Time(') fo ±2mV for 10V Step 
2.5 
~s 


OUTPUT 
Your Range 
±10.25 
V 
Output Current 
±10.25 
mA 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibilily 
(or Ine use ot tnis mformation, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


SHC803ISHC804BM 
SHC803lSHC804CM 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY REQUIREMENTS 
Rated Voltage: ±V cc 
±13.5 
±15 
±16.5 
V 
Voo 
+4.75 
+5.00 
+5.25 
V 


Quiescent 
Current (No Load) 


SHC804: +Vcc 
30 
35 
mA 
-Vec 
15 
20 
mA 
Voo 
5 
10 
mA 
SHC803: +Vcc 
33 
40 
mA 
-Vec 
18 
25 
mA 
Voo 
5 
10 
mA 
Power Dissipation: SHC804 
700 
875 
mW 
SHC803 
790 
1100 
mW 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
'c 
Storage 
-55 
+125 
'c 


:!Eo 


:!Em 


• Specification 
same as SHC803/SHC804BM. 
q- 
NOTES: (1) FSR means Full Scale Range and is 20V for SHC803 and SHC804. (2) Sensitivity of offset plus charge offset. (3) With respect to HOLD. For HOLD add 
0 
5ns typical. (4) With buffer connected to the samplelhold 
amplifier. 
~ 


C")o 
COoJ: 
en 
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SHC803CM, 
BM 
SHC804CM, 
BM 


Vour 
+Vcc 
Vour 
Analog 
+Vee 
Oulput 


NC 
VccCOM 


-Vec 


Analog 
NC 
Analog 
Power 
-Vee 
Power 


COM 
Supply 
NC 
COM 
Supply 


NC 
NC 
NC 


NC 
NC 
NC 


NC 
NC 
NC 


Digilal 
Digital 
NC 


Power 
NC 
Signal 
Power 
Voo 
Supply 
Source 
Supply 


COM 
DCOM 
COM 
COM 
DCOM 


Hold 
Hold 
Signal 


Source 


12 
Hold 
SIH In 
12 
Hold 


PIN 
NAME 
DESCRIPTION 


1 
Sample/Hold 
OUlput 
Analog voltage 
output 
2 
NC 
Not connected 
3 
NC 
Not connected 
4 
NC 
NOI connected 
5 
NC 
Not connected 
6 
NC 
Not connected 


7 
NC 
Not connected 
8 
NC 
Not connected 
9 
Voo 
Logic supply 
10 
DCOM 
Logic supply 
common 
11 
HOLD 
Logic "1" : HOLD 
12 
HOLD 
Logic ·0· • HOLD 
13 
SIH In 
SHC804 inpul; for SHC803 connect 


pin 13 to pin 14 
14 
Buffer Oul, SHC803 only 
Not connecled 
for SHC804 
15 
COM 
Signal 
common 
16 
NC 
Not connected 
17 
Buffer In, SHC803 only 
Not connected for SHC804 
18 
NC 
Not connected 
19 
NC 
Not connected 
20 
NC 
Not connected 
21 
COM 
Signal 
common 
22 
-Vee 
-15V supply 


23 
VccCOM 
Analog 
to power 
common, 
connected 
to case 
24 
Wee 
+15V supply 


Inpul Overvoltage 
. 
±15V 


+Vee to Vcc COMMON.. 
. 
0 to +18V 
-Vcc 
10Vcc COMMON 
0 to -18V 
Vollage on Digitai Inputs (pins 11 and 12) 
-{).5V 10+7V 


Power Dissipation 
..1500mW 
Voo to DCOM.. 
. 
-{).5V 


Analog Oulpul 
Indefinite Short to Vcc COM 


NOTE: 
Stresses 
above those listed under "Absolute 
Maximum 
Ratings· 
may 


cause 
permanent 
damage 
to the device. 
Exposure 
to absolute 
maximum 
conditions 
for extended 
periods 
may affect device 
reliability. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


SHC803BM 
24-Pin 
113 
SHC803CM 
24-Pin 
113 
SHC804BM 
24-Pin 
113 
SHC804CM 
24-Pin 
113 
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High-Speed Bipolar Monolithic 
SAMPLE/HOLD AMPLIFIER 


• 
ACQUISITION 
TIME TO 0.01%: 
1.5JlS max 


• 
HOLD 
MODE SETTLING 
TIME: 350ns 
max 


• 
DROOP 
RATE AT +25°C: 
0.5l!V/JlS max 


• 
TTL COMPATIBLE 


• 
FULL 
DIFFERENTIAL 
INPUTS 


• 
INTERNAL 
HOLDING 
CAPACITOR 


• 
TWO TEMPERATURE 
RANGES: 


-40°C 
to +85°C (KH, KP, KU) 


-55°C 
to +125°C (SH) 


• 
PACKAGE 
OPTIONS: 
14-pin 
Ceramic, 


Plastic 
DIP, and 16-pin 
SOIC 


• 
PRECISION 
DATA ACQUISITION 
SYSTEMS 


• 
DIGITAL-TO-ANALOG 
CONVERTER 
DEGLITCHER 


• 
AUTO ZERO CIRCUITS 


• 
PEAK DETECTORS 


The SHC5320 
is a bipolar 
monolithic 
sample/hold 
circuit designed 
for use in precision 
high-speed 
data 
acquisition 
applications. 


The circuit employs an input transconductance 
ampli- 
fier capable of providing 
large amounts 
of charging 


current 
to the holding 
capacitor, 
thus enabling 
fast 
acquisition 
times. It also incorporates 
a low leakage 
analog switch and an output integrating amplifier with 
input bias current optimized to assure low droop rates. 
Since the analog switch always drives into a load at 
virtual ground, charge injection 
into the holding 
ca- 


pacitor is constant over the entire input voltage range. 
As a result, the charge offset (pedestal voltage) result- 
ing from this charge injection can be adjusted to zero 
by use of the offset adjustment 
capability. 
The device 


includes an internal holding capacitor to simplify ease 
of application; 
however, provision is also made to add 
additional 
external capacitance 
to improve the output 
voltage droop rate. 


The SHC5320 
is manufactured 
using a dielectric 
iso- 


lation process which minimizes 
stray capacitance 
(en- 
abling higher-speed 
operation), 
and eliminates 
latch- 
up associated with substrate SCRs. The SHC5320KH, 
KP, and KU feature fully specified operation over the 
extended 
industrial 
temperature 
range 
of -40°C 
to 


+85°C, while the SHC5320SH 
operates over the tem- 


perature 
range of -55°C 
to + 125°C. The device re- 
quires ± l5V supplies for operation, and is packaged in 
a reliable 
l4-pin ceramic or plastic dual-in-line 
pack- 
age, as well as a l6-pin surface-mount 
plastic package. 
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SPECIFICATIONS 


SHC5320KH, 
KP, KU 
SHC5320SH 


PARAMETERS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT CHARACTERISTICS 


ANALOG 
Voltage Range 
t10 
V 
Common-Mode 
Range 
tl0 
V 
Input Resistance 
1 
5 
MQ 
Input Capacitance 
3 
pF 
Bias Current 
tl00 
t300 
t70 
±200 
nA 
Bias Current Over Temperature 
Range 
t3CO 
±200 
nA 
Offset Current 
t30 
t3CO 
tlCO 
nA 
Offset Current Over Temperature 
Range 
t3CO 
tl00 
nA 


DIGITAL 
(Over Temperature 
Range) 
V,H (Logic "1") 
2.0 
V 
VIL (Logic -0") 
0.8 
V 


I'H (V, = +5V) 
0.1 
~A 


III (V,: 
OV) 
4 
~ 
Logic -0" • SAMPLE 
Logic "1" • HOLD 


OUTPUT 
CHARACTERISTICS 


Voltage Range 
t10 
V 
Current 
tl0 
, 
mA 
Output Impedance 
(Hold Mode) 
1 
Q 
Noise, DC to 10MHz: 
Sample Hold 
125 
200 
JlVrms 
Hold Mode 
125 
200 
JJ.Vrms 


DC ACCURACYISTABILITY 
Gain, Open Loop, DC 
3 x 105 
2 x 10. 
106 
VN 


Input Offset Voltage 
±O.5 
±O.2 
mV 
Input Offset Voltage Over Temperature 
Range 
±1.5 
±2 
mV 
Input Offset Voltage Drift 
t5 
t20 
t15 
~VI"C 
CMRRI') 
72 
90 
80 
dB 
Power Supply Rejection(2):+Vcc 
80 
dB 
-Vcc 
65 
dB 


HOLD-TD-SAMPLE 
MODE 
DYNAMIC 
CHARACTERISTICS 


Acquisition 
Time, A = -I, 
tOV Step(3): 
to ±O.010/0 
1 
1.5 
~s 
to ±O.I% 
0.8 
1.2 
~s 


SAMPLE 
MODE 


Gain-Bandwidth 
Product (Gain = +1)"1: 


CH• 
100pF 
2 
MHz 
CH·l000pF 
180 
kHz 
Full Power Bandwidth(5) 
600 
kHz 
Slew Rale(6) 
45 
V/~s 


Rise 
Time(4) 
100 
ns 
Overshoot''') 
15 
- 
0/0 


SAMPLE·TD-HOLD 
MODE 
DYNAMIC 
CHARACTERISTICS 


Aperture Time(7) 
25 
ns 


Effective Aperture Time 
-50 
-25 
0 
ns 


Aperture 
Uncertainty 
(Aperture Jitter) 
0.3 
ns 


Charge Offset (Pedestal)") 
(Adjustable 
to Zero) 
1 
5 
mV 
Charge 
Transfer<81 
0.1 
0.5 
pC 
Sample-ta-Hold 
Transient 
Settling Time 
to to.Ol % of FSR 
165 
350 
ns 


HOLD MODE 
Droop(9) 
0.08 
0.5 
~V/~ 
Droop at Maximum Temperature(9) 
1.2 
100 
17 
~V/~ 
Drift Current<9) 
8 
50 
pA 


Drift Current at Maximum Temperature(9) 
0.12 
10 
1.7 
nA 


Feedthrough, 
10Vp-p, 100kHz Sinewave 
2 
mV 


The information provided herein is believed to be reliable; however, BURR BROWN assumes no responsibHlly for inaccuracies or omissions. BURR·BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


SHC5320KH. 
KP. KU 
SHC5320SH 


PARAMETERS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLIES 
+Vcc 
+12 
+15 
+18 
V 
-Vec 
-12 
-15 
-18 
V 
+Icc (+Vcc • 15V)(9) 
11 
13 
mA 
-Icc 
(-Vcc• 
15V)19) 
-11 
-13 
mA 


TEMPERATURE 
Specification 
-40 
+85 
-55 
+125 
·C 
Storage 
-65 
+150 
·C 


PACKAGE 
Hermetic Ceramic, Plastic DIP, sOle 
Hermetic Ceramic 


·Specification 
same as grade to the left. 
NOTES: (1) VCM = ±5VDC. 
(2) Based on a ±0.5V swing for each supply with all other supplies held conslant. 
(3) Va = 10V step, RL = 2kn, 
Cc = 50pF. (4) Va. 
200mVp·p, 
RL = 2kil, 
CL = 50pF. (5) V,N = 20Vp·p, RL = 2kn, CL = 50pF, unattenuated 
output. (6) Va = 20V step, RL = 2kn, CL = 50pF. (7) Simulated only, not 
tested. (8) VIN :;:;av, V1H = +3.5V, tR <20n5 
(VIL to VrH). (9) Specified for zero differential 
input voltage 
between pins 1 and 2. Supply current will increase 
with 


differential 
input (as may occur in the Hold mode) to approximately 
±28mA average at 20V differential. 


NC 


External Hold 
Capacitor 


NC 
-Vcc 


Reference 
Common 


Voltage Between +Vcc and -Vec 
Terminals 
40V 


Input Voltage 
Actuai Supply Voltage 


Differential 
Input Voltage.. 
. 
±24V 


Digital Input Voltage 
+15V, -1V 
Output Current, 
continuous(2) 
±20mA 


Internal Power Dissipation. 
. 
450mW 
Storage Temperature 
Range 
-65°C 
< T.•.< +150°C 


Output Short·Circuit 
Ouration(3). 
. 
None 
Lead Temperature 
(soldering, 
10s).. 
. 
300·C 


NOTES: (1) Absolute maximum ratings are limiting values, applied individually, 
beyond 
which 
the serviceability 
of the circuit 
may be impaired. 
Functional 


operation 
under any of these conditions 
is not necessarily 
implied. Absolute 


maximum 
ratings 
apply to both dice and package 
parts, 
unless 
otherwise 


noted. 
(2) Internal 
power dissipation 
may limit output 
current 
to less than 


+20mA. (3) WARNING: 
This device 
cannot 
withstand 
even a momentary 
short 
circuit 
to either 
supply. 


TEMPERATURE 
MODEL 
RANGE 
PACKAGE 


SHC5320KP 
-40°C 
to +85·C 
14·pin Plastic DIP 


SHC5320KU 
-40°C 
to +85°C 
16·pin SOIC 
SHC5320KH 
-40°C fa +85·C 
14·pin Cerdip 


SHC5320SH 
-55·C 
fa +125·C 
14·pm CerOip 


NC 


NC 


External Hold 
Capacitor 


NC 
-Vcc 


Reference 


Common 


Output 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


SHC5320KP 
14·Pin Plastic DIP 
010 


SCH5320KU 
16·Pin SOIC 
211 


SHC5320KH 
14·Pin Cerdip 
163 


SHC5320SH 
14·Pin Cerdip 
163 


A 
ELECTROSTATIC 


.ift».. DISCHARGE SENSITIVITY 


This 
integrated 
circuit 
can 
be damaged 
by ESD. Burr-Brown 


recommends 
that 
all 
integrated 
circuits 
be 
handled 
with 


appropriate 
precautions. 
Failure 
to 
observe 
proper 
handling 


and 
installation 
procedures 
can 
cause 
damage. 


ESD 
damage 
can 
range 
from 
subtle 
performance 
degrada- 


tion 
to complete 
device 
failure. 
Precision 
integrated 
circuits 


may 
be 
more 
susceptible 
to 
damage 
because 
very 
small 


parametric 
changes 
could 
cause 
the 
device 
not 
to 
meet 
its 


published 
specifications. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
-Input 
9 
Output 


2 
+lnput 
10 
Bandwidth 
Control 


3 
NC 
11 
NC 
4 
Offset 
Adjustment 
12 
+Vcc 


5 
Offset Adjustment 
13 
External Hold Cap. 


6 
-Vec 
14 
NC 


7 
NC 
15 
Supply Common 
8 
Reference 
Common 
16 
Mode Control 


MilS 
(0.001") 
MilLIMETERS 


Die Size 
140 x 95 
3.56 x 2.41 


Die Thickness 
18 ±0.8 
0.45 ±0.02 
Min. Pad Size 
5 x 5 
0.127 
x 0.127 
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1.5 
"~ 
;g 
1.0 
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(f) 
"0 
~ 
0.5 


3 
4 


Logic Level High (V) 
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10k 


lk 


45 
~~ 
« 
100 
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90 
~ 
j 
j 
10 
135 
"- 


180 
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I 
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; 
; 
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25 
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Temperature 
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Acquisition 
Time (~s) 
- 
for 1OV 


1 
Step to ±O.Ol--;, 


Voltage Droop (mV/l OOms) 
during Hold Mode 


0.01 


100 
10 


CH Value (pF) 


120 


100 


80 


CD~ 
60 
.~ 
" 
40 


20 


"""- 


"""- 
"""- 
" 


"""- 
"""- 
.•.•.•..... 
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9 
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"""- 
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I 
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I 
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\ 
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DISCUSSION OF 
SPECIFICATIONS 


WHAT 
IS A SAMPLElHOLD 
AMPLIFIER? 


A sample/hold 
amplifier (also sometimes called a track-and- 
hold amplifier) is a circuit that captures and holds an analog 
voltage 
at a specific 
point 
in time 
under 
control 
of an 
external 
circuit, 
such 
as a microprocessor. 
This type of 
circuit has many applications; 
however, its primary use is in 
data acquisition 
systems 
which require that the voltage be 


captured 
and held during the analog-to-digital 
conversion 
process. 
Use 
of a sample/hold 
effectively 
increases 
the 
bandwidth 
of a data acquisition 
system 
by a significant 
amount. 
For further 
discussion 
of this capability, 
refer to 


"Signal Digitization" 
in the Applications 
section of this data 


sheet. 


The ideal sample/hold 
amplifier in its simplest form contains 
four primary components 
as illustrated in Figure I, although 
in actual 
practice 
they may not be internally 
connected 
exactly as shown. Amplifier AI' the input buffer, provides a 
high 
impedance 
load to the source 
circuit 
and supplies 


charging 
current 
to the holding 
capacitor 
CH• Switch 
SI 
opens and closes under external control to gate the buffered 
input signal to the holding circuit or to remove it so that the 
most recently 
sampled 
signal will be held. Amplifier 
Az 
serves 
to present 
a high impedance 
load to the holding 
capacitor and to provide a low impedance voltage source for 
external loads. A minimum 
of three terminals 
are provided 
for the user: input, output, and mode control (or sample/hold 
control). 
When SI' is closed, the output signal follows the 
input signal, subject to errors imposed 
by amplifier 
band- 
width 
and other errors 
as discussed 
below. 
When 
SI' 
is 


opened, the voltage stored on the holding capacitor will be 
held indefinitely 
(in the ideal case), and will appear at the 
output of the circuit until S\, is again closed under command 
of the mode control signal. 


I 
~~ou~ut 
npuI~~ 
: I 
CH 
Mode 
I 
Control 0 
' 
-=- 


The following discussion of specifications 
covers the critical 
types of errors which may be experienced 
in applications 
of 
a sample/hold 
amplifier. 
These errors are depicted graphi- 
cally in Figure 2, and in the Typical Performance 
Curves. 


Acquisition 
Time is the time required 
for the sample/hold 
output to settle within a given error band of its final value 
after the sample mode is initiated. Included in this time are 
effects of switch delay time, slew rate of the buffer ampli- 
fier, and settling time for a specified change in held voltage 
value. Slew rate limitations of the buffer amplifier will cause 


Input 
/-----" 
Feed· 1"----, 
Settling 
I 
I 
though I 
I 


I 
'J-'-l 
Time----..l 
,- 
Output I 
~-I- 


I 
/ 
'-'- 
samPle-Io-Hold.L 
I 
'r--f-~ 
I 
Transient 
and 
--, 
It! 
I 


Charge Offset 1 
I 
Droop' 
I 
, 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 


" ~ f4Apertur~: 
: 
: 
I II 
Uncertainty I 
I 
:-L 


-f~ 
-- 
Aperture T;~e- - -A~UiSilion ~ 


Offset 
Hold 
Time 
---.J 
I 


Sample 
Mode Control 
I 
Sample 


actual acquisition time to be highly dependent on the ampli- 
tude of the voltage 
to be acquired, 
relative 
to the value 


already held by the capacitor. 
Therefore, 
proper specifica- 
tion of sample/hold 
amplifier 
performance 
includes defini- 
tion of both output value step size and required 
error band 
accuracy. 


Aperture 
Time (or aperture delay time) is the time required 


for switch S I' to open and remove the charging signal from 
the capacitor after the mode control.signal 
has changed from 
"sample" 
to "hold." 
This time is measured 
from the 50% 


point of the Hold mode transition 
to the time at which the 
output 
stops 
tracking 
the input. 
This 
parameter 
is very 


important 
in applications 
for which 
the 
input 
signal 
is 


changing 
very rapidly when the Hold mode is initiated. 


Effective 
Aperture 
Time 
is the difference 
in propagation 
delay times of the analog signal and the mode control signal 
from their respective 
input pins to switch SI' This time may 


be negative, zero, or positive. A negative value indicates that 
the mode 
control 
propagation 
delay 
is shorter 
than 
the 


analog 
propagation 
delay, 
with the result that the analog 


value present on the capacitor 
at the time the switch opens 


occurred 
earlier than the application 
of the mode control 
signal by the amount of the effective 
aperture delay time. 


Aperture 
Uncertainty 
(or aperture 
jitter) 
is the variation 
observed in the aperture time over a large number of obser- 
vations. This parameter 
is important 
when the analog input 
is a rapidly changing signal, as aperture uncertainty 
contrib- 


utes to lack of knowledge (at the output) about the true value 
of the input at the precise time the Hold mode is initiated. 
The maximum 
input frequency 
for a given acceptable 
error 
contribution 
due to aperture uncertainty 
is 


fMAJ(= Maximum 
Fractional 
Error/2ntu 


where Maximum 
Fractional 
Error (MFE) is the ratio of the 


maximum 
allowable error voltage to peak voltage, and tv is 


the aperture uncertainty time. For a bipolar ±JOV signal and 
a maximum uncertainty 
error of I/2LSB in a 12-bit system, 


the MFE is equal to I/2LSB + VpEAK = 2.44mV + JOV = 
0.OOO244V/V, since 1/2LSB = 2.44mV for a 20V full-scale 
range. 


For the same system operating 
with a unipolar 
OV to JOV 


signal, MFE would be 0.000122V/V. 
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ADDITION 
OF AN EXTERNAL 
CAPACITOR 


The SHC5320 
contains 
an internal 
lOOpF MOS 
holding 
capacitor, 
sufficient 
for most high-speed 
applications. 
If 
improved 
droop 
performance 
is desired 
(with 
increased 
acquisition 
time), additional 
capacitance 
may be added be- 
tween pins 7 and II. If an external holding capacitor CH is 
used, then a noise-bandwidth 
capacitor 
with a value 0.1 CH 
should be connected 
from pin 8 to ground. The exact value 
and type of this bandwidth 
capacitor 
are not critical. 


Capacitors with high insulation resistance and low dielectric 
absorption, 
such as Teflon@ or polystyrene 
units, should be 
used as storage elements 
(polystyrene 
should not be used 
above +85°C). Care should be taken in the printed circuit 
layout to minimize 
leakage currents 
from the capacitor 
to 
minimize 
droop errors. 


The value of the external 
capacitor 
determines 
the droop, 
charge offset, and acquisition 
time of the sample/hold. 
Both 
droop and charge offset will vary linearly 
with total hold 
capacitance 
from the values given in the specification 
table 
for the internal lOOpF capacitor. The behavior of acquisition 
time versus total hold capacitance 
is shown in the Typical 
Performance 
Curves. 


Charge 
Offset (pedestal) 
is the output voltage change that 
results from charge transfer into the hold capacitor through 
stray capacitance 
when the Hold mode command 
is given. 


This charge appears as an offset voltage at the output, and in 
some sample/hold 
amplifiers may be a function of the input 


voltage. 


Charge offset is specified 
for the SHC5320 
using only the 
internal 
holding 
capacitor. 
When 
an external 
capacitor 
is 


added, charge offset is calculated 
as Charge Transfer 
(pC) 


divided by total hold capacitance. 
Charge Transfer 
is also 
specified for the SHC5320, and total hold capacitance 
is the 
sum of the internal 
hold capacitor 
value (IOOpF) and the 
external hold capacitor. 
Since charge transfer is not a func- 


tion of analog input voltage for the SHC5320, this error may 
be removed by means of the offset adjustment 
capability of 
the amplifier. 


Droop Rate is the change in output voltage over time during 
the Hold mode as a result of hold capacitor leakage, switch 
leakage, and bias current of the output amplifier. Droop rate 
varies 
with 
temperature 
and the quality 
of the external 


holding 
capacitor, 
if used. Careful 
circuit 
layout 
is also 
required to minimize 
droop. 


Drift Current is the net leakage current affecting 
the hold 
capacitor during the Hold mode. With knowledge of the drift 
current, droop can be calculated 
as: 


Droop (VIs) = ID(pA)/CH(pF) 


Hold Mode Feedthrough 
is the fraction of the input signal 
which appears at the output while in the Hold mode. It is 
primarily 
a function of switch capacitance, 
but may also be 
increased 
by poor layout practices. 


Hold Mode Settling Time is the time required for the sample- 
to-hold transient to settle within a specified 
error band. 


(Developed 
Around 
14-Pin Package) 


OFFSET 
ADJUSTMENT 


The offset 
should 
be adjusted 
with the input 
grounded. 
During the adjustment, 
the sample/hold 
should be switching 


continuously 
between the Sample and the Hold modes. The 
offset should then be adjusted to zero output for the periods 
when the amplifier 
is in the Hold mode. In this way, the 
effects 
of both amplifier 
offset and charge offset will be 
accounted 
for. 


SAMPLE/HOLD 
CONTROL 


A TTL logic "0" applied to pin 14 switches 
the SHC5320 
into the Sample (track) mode. In this mode, the device acts 
as an amplifier which exhibits normal operational 
amplifier 


behavior, 
with the relationship 
of output 
to input signal 
depending 
upon the circuit configuration 
selected 
(see the 
Installation 
section below). Application of a logic "I" to pin 
14 switches 
the SHC5320 
into the Hold mode, 
with the 
output voltage held constant 
at the value present when the 
hold 
command 
is given. 
Pin 
14 presents 
less than 
one 
LSTTL load to the driving circuit throughout 
the full oper- 
ating temperature 
range. 


Teflon- Du Pont Corporation 
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In order 
to optimize 
high-frequency 
performance 
of this 
device, 
output 
protection 
is not included. 
This high fre-. 


quency performance 
is mandatory 
for a good sample/hold, 
which must absorb high-frequency 
changes in load current 
when driving 
a successive-approximation 
AID converter. 


Due to the lack of output protection, 
the output circuit will 
not tolerate an indefinite short to common, but a momentary 
short is permissible. 
The output should never be shorted to 
a supply. 


(Developed 
Around 
14-Pin Package) 


LAYOUT 
PRECAUTIONS 


Since the holding capacitor is connected to virtual ground at 
one end (pin II) and to a low-impedance 
voltage source at 


the other (pin 7), the SHC5320 
does not require the use of 
guard rings and other careful layout techniques 
which are 


required 
by many sample/hold 
circuits. 
However, 
normal 
good layout practice 
should be observed, 
minimizing 
the 
possibility 
of leakage paths across the holding capacitor. As 


in all digital-analog 
circuits, 
analog 
signal 
lines 
on the 
circuit board should cross digital signal paths at right angles 
whenever 
possible. 


GROUNDING 
AND BYPASSING 


Pin 6 (Reference 
Common) 
should 
be connected 
to the 
system analog signal common 
as close to the unit as pos- 
sible. Likewise, 
pin 13 (Supply Common) 
should be con- 
ncctcd to thc systcm 
supply common. 
If the system 
design 
prevents running these two common 
lines separately, 
they 
should be connected together close to the unit, preferably to 


capacitors 
(O.OIJlF to O.IJlF ceramic in parallel with IJlF to 
IOJlF tantalum) 
should be connected 
from each power sup- 
ply terminal of the device to pin 13 (Supply Common). 


OFFSET 
ADJUSTMENT 


Offset adjustment capability may be achieved by connecting 
a IOkQ, IO-tum potentiometer 
as illustrated 
in Figure 3. 


NONINVERTING 
MODE 


The most common application 
of the SHC5320 
will utilize 
the connection 
illustrated 
in Figure 
4. In this mode 
of 
operation, 
the 
sample/hold 
will 
operate 
as a unity-gain 
noninverting 
amplifier 
when in the Sample mode, and the 
output signal will track the input. The high bandwidth of the 
SHC5320 and the large open-loop gain assure that gain error 
will be minimized. 


14 
Mode 


Control 


6 
!l.L 
Signal 
-, 
0.1 CH 
Common 
I 


When sampling lower-amplitude 
signals, the SHC5320 may 
also be connected 
as a noninverting 
amplifier with gain, as 
illustrated in Figure 5. In this circuit the gain of the amplifier 
is equal to -R2/R1 
when sampling. 


The Burr-Brown 
SHC5320 
uses current sources to bias the 
internal amplifiers. This means that the bias of the amplifiers 
is not dependent 
on the common-mode 
voltage of the input 
signal. This makes the spurious free dynamic 
range in the 
non-inverting 
mode equal that of the inverting mode. 


14 
Mode 
Control 


6 
Signal 
Common 


FIGURE 
5. Noninverting 
Configuration 
with Gain = I + 
RJR,· 


14 
Mode 
Control 


INVERTING 
MODE 


Unlike most sample/holds, 
the SHC5320 
may also be con- 
nected to act as an inverting amplifier, as shown in Figure 6. 
For this configuration, 
the gain is equal to -R2/R 
I' 


INPUT OVERLOAD 
PROTECTION 


It is possible that the input transconductance 
amplifier of the 
SHC5320 
will saturate when the unit is in the Hold mode, 
due to a non-zero differential 
signal appearing between pins 
I and 2. This differential 
signal may be the result of a rapidly 
changing input signal or application 
of a new channel from 
an input multiplexer. 
When the input buffer is saturated 
in 
this fashion, acquisition 
time may be degraded 
because of 
the time required for the buffer to recover from saturation. In 
addition, the input buffer, which is designed to provide large 
amounts of charging 
current 
to the output integrator, 
may 
draw large amounts 
of supply current 
which may exceed 
40mA peak in some applications. 
For these reasons, 
it is 
desirable to limit the differential 
voltage which may appear 
at the summing junction of the input buffer. Figures 7 and 8 
illustrate possible methods of providing 
this voltage limita- 
tion for the inverting and noninverting 
configurations. 
The 
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fast signal diodes 
such as IN914 
will also work in most 
applications. 
In each configuration 
the value of R 1 should be 
large enough to avoid excessive loading of the input signal 
source. Similarly, R2 should have a value of 2kQ or greater 
to insure sufficient load current capability from the sample/ 
hold. If the value of R2 becomes 
too large, however, 
the 
added capacitance of the diodes may change the sample/hold 
phase response enough to cause oscillation. 


FIGURE 
7. Input Overload Protection-Inverting 
Configu- 
ration. 


FIGURE 
8. Input Overload Protection-Noninverting 
Con- 
figuration. 


(Developed 
Around 
14-Pin Package) 


SIGNAL 
DIGITIZATION 


Sample/hold 
amplifiers 
are normally 
used 
to hold 
input 
voltages 
to an AID converter 
constant 
during conversion. 


Digitizing 
errors result if the analog signal being digitized 
varies excessively 
during conversion. 


For example, 
the Burr-Brown 
ADC80MAH-12 
is a 12-bit 
successive-approximation 
converter with a 25J.1Sconversion 
time. To insure the accuracy 
of the output data, the analog 
input signal to the AID converter must not change more than 
l/2LSB 
during conversion. 


The maximum 
rate of change of a sine wave of frequency, 
f, is dv/dt (max) = 21tAf(V/s). If one allows a l/2LSB change 
(2.44mV) for a ±tOV input swing to the AID converter, 
the 


allowable input rate-of-change 
limit would be 2.44mV/25J.1S 
= 0.0976mV/J.IS. Thus the sampled 
sinusoidal 
signal fre- 
quency limit is 


f = (0.0976 x 103)/21tA = l5.5/A (Hz), 


where A is the peak amplitude of the sine wave. For a ± tOV 


However, 
a sample/hold 
in front 
of the 
AID 
converter 
"freezes" 
the converter's 
input signal whenever 
it is neces- 
sary to make a conversion. 
The rate-of-change 
limitation 
calculated 
above 
no longer 
exists. 
If a sample/hold 
has 
acquired an input signal and is tracking it, the sample/hold 
can be commanded 
to hold it at any instant in time. There is 
a short delay (aperture 
delay) between 
the time the hold 
command is asserted and the time the circuit actually holds. 
The hold command 
signal can usually be advanced 
in time 
(or delayed, in the case of negative effective aperture delay) 
to cause the amplifier to hold the signal actually desired. 


Aperture uncertainty 
(also called aperture jitter) is also a key 
consideration. 
For the SHC5320 
there is a 300ps period 
during which the signal should not change 
more than the 
amount allowed for aperture uncertainty 
in the system error 
budget, perhaps 
1/2LSB for a 12-bit system. 
For a ±IOV 
input range (l/2LSB 
= 2.44mV), 
the input signal rate of 
change limitation is 2.44mV/0.3ns = 8.13mV/ns. The equiva- 
lent input sine wave frequency 
is 


f = 8.13 X 106/21tA = 1.29/A (MHz), 


a factor of almost 84,000 higher than using the AID alone. 


However, 
there are other considerations. 
The resampling 
rate of an ADC80/SHC5320 
combination 
is 26.5J.1S(25J.1S 
AID) 
conversion 
time plus 
1.5J.1SS/H acquisition 
time) .• 
Sampling 
a sine wave at the Nyquist 
rate, this permits 
a 
maximum 
input signal frequency 
of 37.7kHz. 
The above 
analysis 
assumes that the droop rate of the sample/hold 
is 
negligible-less 
than l/2LSB 
during the conversion 
time- 


and that the large signal bandwidth 
response of the sample/ 
hold causes negligible 
waveform 
distortion. 
Both of these 
assumptions 
are valid for the SHC5320 
in this application. 


DATA ACQUISITION 


The SHC5320 may be used to hold data for analog-to-digital 
conversion 
or may 
be used 
to provide 
pulse-amplitude 
modulation 
(PAM) data output (see Figures 9 and 10). 


Analog { 
Inputs 


Analog 


Multiplexer 
(Burr-Brown MPC Series) 
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HIGH-SPEED 
DATA ACQUISITION 


The minimum 
sample time for one channel in a data acqui- 
sition system is usually considered to be the acquisition time 
of the sample/hold 
plus the conversion 
time of the AID 
converter. 
If two or more 
sample/holds 
are used with a 
multiplexer 
(such as the Burr-Brown 
MPC800 or MPC801) 
as shown in Figure 
12, the acquisition 
time of the sample/ 
hold can be virtually eliminated. While the first channel is in 
hold and switched 
into the AID converter, 
the multiplexer 
may be addressed 
to the next channel. The second sample/ 
hold will have acquired this signal by the time the conver- 
sion is complete. 
Then, the sample/holds 
reverse roles and 
another channel is addressed. In low level systems an instru- 
mentation 
amplifier 
(such as the Burr-Brown 
INAIOI) 
and 
a differential multiplexer (such as the Burr-Brown MPC509A 
or MPC507 A) may be required in front of the sample/hold. 
The settling and acquisition 
times of the multiplexer, 
instru- 
mentation 
amplifier, 
and sample/hold 
can be eliminated 
from the total conversion time as before by operating in this 
overlapped 
mode with the sample/holds. 


Mode 
Hold 
Control U 


Sample 


The SHC5320 
may be used to hold the output of a digital- 
to-analog 
converter 
and distribute 
several different 
analog 
voltages to different 
loads (see Figure 
II). 


Analog 
Outputs 
Channell 
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Inputs 


Burr-Brown 


Analog 


Multiplexer 
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Signal 


Common 
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7 Vo'tage-to-Frequency 
Converters 


Voltage-to-frequency converters provide a simple, 
low-cost alternative to AID converters. The fre- 
quency output is easily isolated, transmitted or 
recorded. It can be interfaced to many commonly 
used micro-controllers 
and processors 
through 
counter input ports or counter/timer peripheral 
ICs. 


The voltage-to-frequency 
converters' 
integrating 
input properties make them ideal for high noise 
industrial environments. Connected in frequency- 
to-voltage mode, they are useful for tachometer 
and rate control circuitry, motor control and te- 
lemetry. 


Choose from a variety of popular devices, includ- 
ing: 


VFC32-Low 
cost VIF converter operates up to 


500kHz. 


VFC32o-0perates 
up to IMHz full-scale with 
improved accuracy for high performance AID con- 
version. 


VFCIOO, VFCIOl-5ynchronized 
VIF converter 
up to 2MHz full-scale frequency is precisely de- 
termined by your system clock frequency. Excel- 
lent for AID conversion. 


VFC121-operates 
from a single 4.5V to 36V 
power supply. Full-scale output frequency up to 
l.5MHz. 


VFCllo-High 
performance VIF converter oper- 
ates to 4MHz with low frequency jitter. 


Other products provide special features and per- 
formance. Use our selection guide below to locate 
the VIF converter for your application. 


•• 


Voltage-to-Frequency Converters 


VOLTAGE- TO-FREQUENCY 
CONVERTERS 


ASYNCHRONOUS 
VFC32 
(Low Cost) 
VFC320 (0.005% Linearity) 
VFC110 (4MHz) 
VFC121 (Single Supply) 


SYNCHRONIZEO 
VFC100 (4MHz Clock) 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT 
IN DEVELOPMENT 


~ 


m 
m~ 
m !product 


~VFC32 
• 


User-selected 
1MHz max 


NOTE: 
(1) Com = O°C to +70°C, Ind = -25°C to +85°C. 


Frequency 
Range 
(kHz) 


User-selected 
500kHz, max 
Clock-Programmed 
2MHz max 
User-selected 
4MHz max 
User-selected 
1.5MHz max 


V,N 
Linearity, 
Range 
max 
(V) 
(%ofFSR) 


User-selected 
±0.01 at 10kHz 
±0.05 at 100kHz 
o to +10 
0.1 at 1MHz 


o to +10 
±0.05 at 1MHz 


User-selected 
±0.03 at 100kHz 


User-selected 
±0.002 at 10kHz 


I 


Temp 
Rangel') 


Com 
Ind, Mil 
Ind, Mil 


Pkg 


DIP, SOIC 
TO-100 
DIP 


Description 


Low-Cost Monolithic 


Precision Monolithic 
Q:-. 


~ 
:? 
S' 
is! 
~ 
~ 
~. 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 
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VOltage-to-Frequency 
and Frequency-to-Voltage 
CONVERTER 


• 
OPERATION 
UP TO 500kHz 


• 
EXCELLENT 
LINEARITY 
±O.01% max at 10kHz 
FS 
±O.05% max at 100kHz 
FS 


• 
V1F OR FN CONVERSION 


• 
MONOTONIC 


• 
VOLTAGE 
OR CURRENT 
INPUT 


The VFC32 voltage-to-frequency 
converter 
provides 
an output 
frequency 
accurately 
proportional 
to its 


input voltage. 
The digital 
open-collector 
frequency 


output is compatible 
with all common logic families. 


Its integrating 
input characteristics 
give the VFC32 
excellent 
noise immunity 
and low nonlinearity. 


Full-scale output frequency is determined 
by an exter- 


nal capacitor 
and resistor 
and can be scaled over a 
wide range. The VFC32 can also be configured 
as a 


frequency-to-voltage 
converter. 


The VFC32 is available in 14-pin plastic DIP, 50-14 
surface-mount, 
and metal TO-IOO packages. Commer- 
cial, industrial, and military temperature 
range models 
are available. 


• 
INTEGRATING 
AID CONVERTER 


• 
SERIAL 
FREQUENCY 
OUTPUT 


• 
ISOLATED 
DATA TRANSMISSION 


• 
FM ANALOG 
SIGNAL 
MOD/DEMOD 


• 
MOTOR 
SPEED CONTROL 


• 
TACHOMETER 
Pull-Up Voltage 
OV5:Vpu5:+Vcc 


+5V 
+15V 


O.1~Ff-:::L 
V 
R:~ sarnA 


V,N 
a to 10V 


Pinout shown is 
tor DIP or sOle 
packages. 
~ 
;3nF 
- 
NPO Ceramic 
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VFC32KP, 
KU 
VFC32BM 
VFC32SM 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT (VIF CONVERTER) 
Four = V,.,I7.5 R, C, 
Voltage Rangel') 


Positive Input 
>0 
+0.25mA 
V 
x R, 


Negative 
Input 
>0 
-10 
V 
Current 
Range(1) 
>0 
+0.25 
mA 


Bias Current 
Inverting 
Input 
20 
100 
nA 
Noninverting 
Input 
100 
250 
nA 
Offset Vonagel') 
t 
4 
mV 
Differential 
Impedance 
300 1110 
650 1110 
kn II pF 
Common-mode 
Impedance 
300 113 
500113 
MO II pF 


INPUT (FN 
CONVERTER) 
Vour = 7.5 R, C, F'N 


Impedance 
501110 
1501110 
kn II pF 
Logic ~1" 
+1.0 
V 


logic 
"0" 
-lJ.05 
V 


Pulse-width 
Range 
0.1 
150klFMAX 
lIS 


ACCURACY 
Unearity 
Errori:3) 
0.01 Hz sOper 
Freq S 10kHz 
to.005 
±D.OIOI·) 
%of 
FSRIS) 


O.IHz S Oper 


Freq S 100kHz 
to.025 
±D.05 
% 01 FSR 
0.5Hz S Oper 


Freq S 500kHz 
to.05 
%01 FSR 
Offset Error Input 


Offset Vollagel') 
1 
4 
mV 
Offset Drift(6) 
t3 
ppm of FSRJ'C 
N 
Gain Error(2) 
5 
% 01 FSR 
M 
Gain Drift{6) 
I = 10kHz 
t75 
t50 
tloo 
t70 
t150 
ppml'C 
0 
Full Stale 
Drift 
I = 10kHz 
t75 
t50 
tlOO 
t70 
t150 
ppm of FSRJ'C 


(offset drift and 
II. 


gain drift)(6, 1) 
> 
Power Supply 
I = DC, tVee 
= 12VDC 
Sensitivity 
to 18VDC 
±D.015 
% 01 FSR/% 


OUTPUT 
(VIF CONVERTER) 
(open 
collector 
output) 


Voltage, 
logic 
'0" 
ISINK::: 
SmA 
0 
0.2 
0.4 
V 


Leakage 
Current, 
logic 
"1" 
Va = 15V 
0.01 
1.0 
)lA 
en 


Voltage, 
logic 
"1" 
External 
pun-up Resistor 
a: 
Required (see Figure 4) 
Vpu 
V 
W 
Pulse Width 
For Best Linearity 
0.25/FMAX 
s 
~ 
Fall Time 
lour = 5mA, ClOAO = 500pF 
400 
ns 
a: 
OUTPUT 
(FN 
CONVERTER) 
Vour 
W 


Vonage 
10:5 7mA 
o to +10 
V 
> 
Current 
VaS 
7VDC 
+10 
mA 
Z 
Impedance 
Closed loop 
1 
0 
0 
Capacitive 
Load 
Without 
Oscillation 
100 
pF 


DYNAMIC 
RESPONSE 
0 
Full Scale Frequency 
500(8) 
kHz 
> 
Dynamic 
Range 
6 
decades 
0 
Settling Time 
(V/F) to Specified 
linearity 
Z 
lor a Full Stale 
input Step 
I') 


Overload 
Recovery 
< 50% Overload 
I') 
W 


POWER 
SUPPLY 
::J 


Rated Vonage 
t15 
V 
a 


Vottage Range 
tIt 
t20 
V 
W 


Quiescent 
Current 
t5.5 
t6.0 
mA 
a: 
TEMPERATURE 
RANGE 
II. 


Specification 
0 
+70 
-25 
+85 
-55 
+125 
'c 
I 


Operating 
-25 
+85 
-55 
+125 
-55 
+125 
'C 
0 


Storage 
-25 
+85 
-65 
+150 
-65 
+150 
'c 
~I 


• Specification 
the same as VFC32KP. 


NOTES: (1) A 25% duty cycle (0.25mA input current) is recommended 
lor best linear ty. (2) Adjustable 
to zero. See Offset and Gain Adjustment 
section. (3) linearity 
error is specified 


at any operating 
frequency 
from 
the straight 
line inlor3ecting 
90% 
of full :scale frequoncy 
and 0.1% 
of full scale 
frequency. 
See 
Discussion 
ot Specifications 
section. 
Above 
200kHz, 


it is recommended 
all grades be operated below +85°C. (4) ±O.015% of FSR for negative inputs shown in Figure 5. Positive inputs are shown in Figure 1. (5) FSR:: 
Full8cale 
Range 


(corresponds 
to full scale frequency 
and full scale input vohage). (6) Exdusive 
of external components' 
drift. (7) Positive drift is defined 
to be increasing 
frequency 
with increasing 
temperature. 
(8) For operations 
above 200kHz 
up to 500kHz, 
see Discussion 
of Specifications 
and Installation 
and Operation 
sections. 
(9) One pulse of new frequency 
plus 1~. 
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Supply Voltage.. 
. 
... ±22V 
Output Sink Current (Four) . 
. 
SOmA 
Output Current (Vour) . 
. 
+20mA 


Input Voltage, -Input 
. 
±Supply 
Input Voltage, +Input.. 
. 
±Supply 
Comparator 
Input 
±Supply 


Storage 
Temperature 
Range: 


VFC32BM, 
SM.. 
. 
-6S·C to +1S0·C 
VFC32KP, 
KU.. 
. 
-2S·C to +8S·C 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


VFC32KP 
14-Pin Plastic DIP 
O·C to 70·C 
VFC32BM 
TO-l00 
Metal 
-2S·C 
to +8S·C 
VFC32SM 
TO-l00 
Metal 
-5S·C 
to +12S·C 
VFC32KU 
SO-14 SOIC 
O·C to +70·C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


VFC32KP 
14-Pin Plastic DIP 
010 
VFC32BM 
TO-l00 
Metal 
007 


VFC32SM 
TO-l00 
Metal 
007 


VFC32KU 
SO-14 SOIC 
235 


P Package 
U Package 


(Epoxy Dual-in-line) 


-Vec 


One-Shot 


Capacitor 


The information 
provided herein is believed 
to be reliable; however, 
BURR-BROW 
\I assumes 
no responsibility 
for inaccuracies 
or omissions. 
BUR A-BROWN assumes 
no responsibility (01 ttl~ us~ of this Information. and all use of such Information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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Synchronized 
VOLTAGE-TO-FREQUENCY 
CONVERTER 


• 
FULL-SCALE 
FREQUENCY 
SET BY 
SYSTEM 
CLOCK; 
NO CRITICAL 
EXTERNAL 
COMPONENTS 
REQUIRED 


• 
PRECISION 
10V FULL-SCALE 
INPUT, 


0.5% max GAIN ERROR 


• 
ACCURATE 
5V REFERENCE 
VOLTAGE 


• 
EXCELLENT 
LINEARITY: 


0.02% max at 100kHz 
FS 
0.1% max at 1MHz FS 


• 
VERY LOW GAIN DRIFT: 50ppmJ°C 


• 
AID CONVERSION 


• 
PROCESS 
CONTROL 


• 
DATA ACQUISITION 


• 
VOLTAGE 
ISOLATION 


I 
I 
I 
_____________ 
.J 


lmA 
~-------- 
f-vcc 
-:- 


The 
VFCIOO voltage-to-frequency 
converter 
is an 
important 
advance in VFCs. The well-proven 
charge 
balance technique 
is used; however, 
the critical reset 
integration 
period is derived 
from an external 
clock 
frequency. 
The external clock accurately 
sets an out- 
put full-scale 
frequency, 
eliminating 
error and drift 
from 
the external 
timing 
components 
required 
for 
other VFCs. 
A precision 
input resistor 
is provided 
which accurately 
sets a IOV full-scale 
input voltage. 


In many applications 
the required 
accuracy 
can be 


achieved 
without external adjustment. 


The open collector active-low output provides fast fall 
time on the important 
leading edge of output pulses, 


and interfaces 
easily with TTL and CMOS circuitry. 


An output 
one-shot 
circuit 
is particularly 
useful 
to 
provide optimum output pulse widths for optical cou- 
plers and transformers 
to achieve voltage isolation. An 
accurate 5V reference is also provided which is useful 
for applications 
such as offsetting 
for bipolar 
input 
voltages, 
exciting 
bridges and sensors, 
and autocali- 
bration schemes. 
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VFC100AG 
VFC100BG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TRANSFER 
FUNCTION 


Voltage-to-Frequency 
Mode 
fOUT: IcLOCKx (V'N/20V) 
Gain Error<1) 
FSR: 
100kHz 
±O.5 
±1 
±0.2 
±0.5 
% of FSR(4) 


Linearity Error 
FSR:: 
100kHz, Over Temperature 
±0.01 
±0.025 
±0.02 
% of FSR 


FSR : 500kHz, Cos : 60pF 
±0.015 
±0.05 
% of FSR 


FSR : 
1MHz, Cos = 60pF 
±0.025 
±0.1 
% 01 FSR 
Gain Drift(2) 
FSR: 
100kHz 
±70 
±100 
±30 
±50 
ppm of FSRrC 


Referred to Internal VAEF 
HO 
±100 
±30 
±50 
ppm of FSRrC 


Offset Referred to Input 
±1 
±3 
±1 
±2 
mV 
Offset Drift 
±12 
±100 
±6.5 
±25 
~vrc 


Power Supply Rejection 
Full Supply Range 
0.01 
%N 


Response Time 
To Step Input Change 
One Period of New Output Frequency 
Plus One Clock Period 


Current-to-Frequency 
Mode 
fOUT 
'" fCLOCK x (1IN/1 mA) 


Gain Error 
±O.5 
±1 
±0.2 
±0.5 
% 01 FSR 


Gain Drift(2) 
±120 
±200 
±80 
±140 
ppm of FSRrC 


Frequency~t()ooVoltage 
Mode(3) 
VOUT: 20V x (f'NlfcLOCK) 
Gain Accuracy(l) 
FSR: 
100kHz 
±O.5 
±1 
±0.2 
±0.5 
% 


Linearity 
FSR: 
100kHz 
±0.01 
±0.025 
±0.02 
% 


Input 
Resistor 
(R'N) 


Resistance 
19.8 
20 
20.2 
kil 


Temperature Coefficient (Tdl21 
±SO 
±100 
ppm"C 


INTEGRATOR 
OP AMP 


VOS(1) 
±150 
±1000 
~V 
Vas Drift 
±5 
~vrc 


I. 
±SO 
±100 
±25 
±50 
nA 
los 
100 
200 
50 
100 
nA 
AcL 
ZLOAO: 5kOll0,000pF 
100 
120 
dB 
CMRR 
80 
105 
dBV 
CM Range 
-7.5 
+0.1 
V 


Vour Range 
ZLOAO: 5k0110,000pF 
-0.2 
+12 
V 


Bandwidth 
14 
MHz 


COMPARATOR 
INPUTS 


Input Current (Operating) 
-11V 
< VCOMPARATOR 
< +Vcc - 2V 
5 
~A 


CLOCK 
INPUT 


(Referred 
to Digital 
Common) 


Frequency (Maximum Operating) 
4 
MHz 


Threshold 
Voltage 
1.4 
V 


Over Temperature 
0.8 
2 
V 
Voltage Range (Operating) 
-Vec + 2V 
+Vcc 
V 


Input Current 
-Vcc 
< VClOCK < +Vcc 
0.5 
5 
~A 


Rise Time 
2 
~ 


OPEN COLLECTOR 
OUTPUT 


(Referred 
to Digital 
Common) 


VOL 
lOUT= 10mA 
0.4 
V 
IOL 
15 
mA 


IOH(Off Leakage) 
VOH : 30V 
0.01 
10 
~ 
Delay Time, Positive Clock 
Edge to Output Pulse 
300 
ns 


Fall Time 
100 
ns 
Output Capacitance 
5 
pF 


OUTPUT ONE·SHOT 
Active(6) 


Pulse Width Out 
Cos = 300pF 
1 
1.4 
2 
~ 
Deactivated(5) 


Pulse Width Out 
100kHz s FSR < 1MHz 
1 
see 


4 fClOCK 


Pulse Width Out 
FSR: 
lMHz 
250 
450 
500 
ns 


REFERENCE 
VOLTAGE 


Accuracy 
No Load 
4.9 
5 
5.1 
4.95 
5.05 
V 


Drift(2) 
±GO 
±150 
±40 
±100 
ppml"C 
Current Output 
Sourcing Capability 
10 
mA 


Power Supply Rejection 
0.015 
0.015 
%N 


Output Impedance 
0.5 
2 
!l 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 


BURR - BROWNe 
IElElI 


VFC100AG 
VFC100BG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Rated Voltage 
±15 
V 


Operating 
Voltage 
Range 
(See Figure 9) 
+Vcc 
+7.5 
+28.5 
V 
-Vec 
-7.5 
-28.5 
V 


Total Supply 
+Vcc - (-Vccl 
15 
36 
V 


Digital Common 
-Vce 
+ 2 
+Vcc -4 
V 


Quiescent 
Current: 
+Icc 
Over Temperature 
10.6 
15 
mA 


-Ice 
9.6 
15 
mA 


TEMPERATURE 
RANGE 
Specification 
-25 
+85 
OC 


Storage 
~5 
+150 
" 


'C 


°JA 
150 
'crw 


°JC 
100 
'crw 


" Specification 
same as AG grade. 
NOTES: (1) Offset and gain error can be trimmed to zero. See text. (2) Specified by the box method: (max. - min.) + (FSR x "T). (3) Refer to detailed timing diagram 
in Figure 16 for frequency input signal timing requirements. 
(4) FSR = Full Scale Range. (5) Pin 9 connected to +VCC• (6) Nominal PWOUT 
= (5nslpF) x Cos - 90ns. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


VFC100AG 
16-Pin Ceramic DIP 
129 
VFC100BG 
16-Pin Ceramic 
DIP 
129 


The VFClOO monolithic voltage-to-frequency 
converter pro- 
vides a digital pulse train output with an average frequency 
proportional 
to the analog input voltage. The output is an 
active low pulse of constant duration, with a repetition rate 
determined 
by the input voltage. Falling edges of the output 
pulses are synchronized 
with rising edges of the clock input. 


Operation 
is similar to a conventional 
charge balance VFC. 


An input operational 
amplifier (Figure I) is configured as an 
integrator 
so that a positive 
input voltage causes an input 
current to flow in R1N• This forces the integrator 
output to 
ramp negatively. 
When the output of the integrator crosses 
the reference 
voltage (5V), the comparator 
trips, activating 
the clocked logic circuit. Once activated, 
the clocked logic 
awaits a falling edge of the clock input, followed by a rising 
edge (see Figure 2). On the rising edge, switch SI is closed 
for one complete clock cycle, causing the reset current, II' to 
switch to the integrator input. Since It is larger than the input 
current, ItN, the output 
of the integrator 
ramps positively 
during the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the reset 
period. 


Unlike conventional 
VFC circuits, 
the VFClOO accurately 


derives 
its reset period from an external 
clock freqUenCY.• 
This eliminates 
the critical 
timing 
capacitor 
required 
by 
other VFC circuits. One period (from rising edge to rising 
edge) 
of the clock 
input determines 
the integrator 
reset 
period. 


When 
the negative-going 
integration 
of the input 
signal 
crosses 
the comparator 
threshold, 
integration 
of the input 


signal will continue until the reset period can start (awaiting 
the necessary 
transitions 
of the clock). 
Output 
pulses are 
thus made to align with rising edges of the external clock. 
This 
causes 
the instantaneous 
output 
frequency 
to be a 
subharmonic 
of the clock frequency. The average frequency, 
however, 
will be an accurate analog of the input voltage. 


A full scale input of JOV (or an input current 
of O.5mA) 
causes a nominal 
output frequency 
equal to half the clock 
frequency. 
The transfer function is 


BURR - SROWN~ 
1E3E31 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


BURR - BROWN® 
1E3E31 
ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1·800·548-6133 


Request Document 
Number 10861 


High-Frequency 
VOLTAGE- TO-FREQUENCY 
CONVERTER 


• 
HIGH-FREQUENCY 
OPERATION: 


4MHz FS max 


• 
EXCELLENT 
LINEARITY: 
±O.02% typ at 2M Hz 


• 
PRECISION 
5V REFERENCE 


• 
DISABLE 
PIN 


• 
LOW JITTER 


The VFC II 0 voltage-to-frequency 
converter is a third- 
generation 
VFC offering improved 
features and per- 


formance. 
These include higher frequency 
operation, 
an on-board 
precision 
5V reference 
and a Disable 
function. 


The precision 5V reference can be used for offsetting 
the VFC transfer function, 
as well as exciting trans- 
ducers 
or bridges. 
The 
Enable 
pin allows 
several 


VFCs' outputs to be paralleled, multiplexed, 
or simply 
to shut off the VFC. The open-collector 
frequency 


• 
INTEGRATING 
AID CONVERSION 


• 
PROCESS 
CONTROL 


• 
VOLTAGE 
ISOLATION 


• 
VOLTAGE-CONTROLLED 
OSCILLATOR 


• 
FM TELEMETRY 


output is TTL/CMOS-compatible. 
The output may be 


isolated by using an opto-coupler 
or transformer. 


Internal input resistor, one-shot and integrator capaci- 
tors simplify applications 
circuits. These components 


are trimmed for a full-scale output frequency of 4MHz 
at IOV input. No additional 
components 
are required 
for many applications. 


The 
VFC 110 is packaged 
in plastic 
and 
ceramic 


14-pin DIPs. Industrial and military temperature 
range 
gradeouts 
are available. 


.vs 
V, 


+15V 
.sv 


NC 
r1 
Rpu 


1 
12 
11 
10 
680<> 


BURR - BROWN_ 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


VFC110BG 
VFC110AGlSGlAP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VOLTAGE-TO-FREQUENCY 
OPERATION 


Nonlinearity(1): 
fFS = 100kHz 
Cos • 2.2nF, RIN• 
44k1l 
0.005 
0.01 
0.01 
0.05 
%FS 


fFS"" 
1MHz 
Cos • 150pF, R'N = 40kil 
0.01 
0.05 
0.1 
%FS 
fFS= 2M Hz 
Cos = 56pF, R'N = 34k1l 
0.02 
%FS 
fFS = 4MHz 
Coo • (Int), R'N • (Int) 
1 
%FS 
Gain Error, f = 1MHz 
Coo = 150pF, R,N• 
40kil 
5 
% 


Gain Drift, f :: 1MHz 
Specified Temp Range 
50 
100 
ppmrC 


Relative to VREF 
Specified Temp Range 
50 
100 
ppmrC 


PSRR 
Vs = ±BV to ±lBV 
0.05 
0.1 
%N 


INPUT 
Full Scale Input Current 
250 
500 
~A 
IB- 
(Inverting Input) 
15 
60 
20 
100 
nA 


lB. 
(Non-Inverting 
Input) 
250 
nA 
Vos 
3 
3 
mV 


VosDrift 
Specified Temp Range 
35 
~vrc 


INTEGRATOR 
AMPLIFIER 
OUTPUT 


Output Voltage Range 
Rl·2k1l 
-<1.2 
+Vs - 4 
V 
Output Current Drive 
5 
20 
mA 


Capacitive 
Load 
No Oscillations 
10 
10 
nF 


COMPARATOR 
INPUT 
18(Input Bias Current) 
-5 
~ 
Trigger Voltage 
±SO 
mV 


Input Voltage Range 
-5 
.Vs 
V 


OPEN COLLECTOR 
OUTPUT 


VoLow 
0.4 
V 


IlEAKAGE 
0.1 
1 
~ 
0 
Fall Time 
25 
ns 
.•... 


Delay to Rise 
25 
ns 
.•... 


Se"ling 
Time 
To Specified Linearity for a 
One Pulse of New Frequency Plus 1J.1S 
0 
Full-Scale Input Step 
u.. 


REFERENCE 
VOLTAGE 
> 


Voltage 
4.97 
5 
5.03 
V 
Voltage Dri« 
20 
50 
ppml"C 


load Regulation 
10=Oto 
10mA 
2 
10 
mV 


PSRR 
Vs = ±8V to ±1BV 
5 
mVN 


Current Limit 
Short Circuit 
15 
20 
mA 


ENABLE 
INPUT 
en 
VHIGH (fOUT Enabled) 
Specified Temp Range 
2 
V 
0: 
VlOW (fOUT Disabled) 
Specified Tamp Range 
0.4 
V 


IHIGH 
0.1 
~A 
W 
ILOW 
1 
~A 
I- 


POWER SUPPLY 
0: 


Voltage, ±Vs 
±B 
±15 
±18 
V 
W 


Current 
13 
16 
mA 
> 
TEMPERATURE 
RANGE 
Z 


Specified 
0 
AG,BG,AP 
-25 
.85 
"C 
0 
SG 
-55 
.125 
"C 
Storage 
> 
AG,BG,SG 
-65 
.150 
"C 
0 
AP 
-40 
.125 
"C 
Z 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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I'N 
14 
Input Common 


V'N 
Analog 
Common 


+SVREF 
Out 
VOUT 


-Vs 
Comparator In 


Enable 
+Vs 


Cos 
NC 


Digital Ground 
fOUT 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


VFC110AG 
14-Pin Ceramic DIP 
169 
VFC110BG 
14-Pin Ceramic DIP 
169 
VFC110SG 
14-Pin Ceramic DIP 
169 
VFC110AP 
14-Pin Plastic DIP 
010 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


VFC110AG 
Ceramic DIP 
-25°C 
to +85°C 


VFC110BG 
Ceramic DIP 
-25·C 
to +85·C 


VFC110SG 
Ceramic DIP 
-55°C 
to +125°C 
VFC110AP 
Plastic DIP 
-25·C 
to +85·C 


fOUT Sink Current 
. 
50mA 
Comparator 
In Voltage.. 
. 
-5V to +Vs 


Enable Input 
. 
+Vs to -Vs 


Integrator Common-Mode 
Voltage.. 
. 
-1.5V 
to +1.5V 
Integrator Differential input Voltage 
+0.5V to -o.5V 


Integrator Out (short-circuit) 
.. 
. 
Indefinite 
VREFOut {short-circuit}.. 
. 
lndefinite 


Operating Temperature 
Range 
G Package. 
P Package ... 


Storage 
Temperature 
G Package. 
P Package .. 


Lead Temperature 
(soldering, 
10s) 


........ --<iO·Cto +150·C 
................ -40·C 
to +125·C 
............... +300·C 


BURR - BROWN® 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
Number 10971 


Precision 
Single Power Supply 
VOLTAGE-TO-FREQUENCY 
CONVERTER 


• 
SINGLE 
SUPPLY 
OPERATION: 


+4.5V to +36V 


• 
fo = 1.5MHz max 


• 
LOW NONLINEARITY: 
0.03% max at 
100kHz, 0.1 % max at 1MHz 


• 
HIGH INPUT IMPEDANCE 


• 
VOLTAGE 
REFERENCE 
OUTPUT 


• 
THERMOMETER 
OUTPUT: 
1mVloK 


• 
INTEGRATING 
AID CONVERSION 


• 
ANALOG 
SIGNAL 
TRANSMISSION 


• 
PHASE-LOCKED 
LOOP VCO 


• 
GALVANICALLY 
ISOLATED 
SYSTEMS 


36V may be used. A 2.6V reference 
voltage 
output 
may be used to excite 
sensors 
or bias external 
cir- 
cuitry. A thermometer 
output voltage proportional 
to 
absolute temperature 
(OK) may be used as a tempera- 


ture sensor or for temperature 
compensation 
of appli- 
cations circuits. 


Frequency 
output 
is an open-collector 
transistor. 
A 
disable pin forces the output to the high impedance 
state, 
allowing 
multiple 
VFCs 
to share 
a common 
transmission 
path. 


The 
VFCl2l 
is a monolithic 
voltage-to-frequency 
converter 
consisting 
of an integrating 
amplifier, 
volt- 


age reference, 
and one-shot 
charge 
pump circuitry. 


High-frequency 
complementary 
NPN/PNP circuitry is 
used 
to implement 
the 
charge-balance 
technique, 
achieving speed and accuracy far superior to previous 
single power supply VFCs. 


The high-impedance 
input accepts signals from ground 
potential 
to Vs - 2.5V. Power supplies 
from 4.5V to 


RalAs ::: 8kn 
(Optional) 
t------ 
-I 
I 
I 
I RTRIM 
I 


I 
I 


R1N = Bk!1 : 
: 


: 
RIN: 


I 
I 
5 
I 
Cos : 1200pF 


BURR-BROWN 
IEtE" 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


VFC121AP 
VFC121BP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 
Nonlinearity: 
fFS:: 
100kHz 
Coo 1200pF, C,NT = 2700pF 
0,05 
0.03 
%FS 
fFS"" 
1MHz 
Coo 6SpF, C,NT 
= 270pF 
0.1 
0.1 
%FS 
Gain Error: 
IFS = 100kHz 
Cos 1200pF, C,NT = 2700pF 
10 
%FS 
Gain Drift: 
IFS = 100kHz 
TMtN to TMAX 
SO 
40 
ppm/'C 


Relative 
to V REF 
+Vs:: +SV to +36V 
100 
40 
ppm/'C 
PSRR 
0.025 
%N 


INPUT 
Minimum Input Voltage 
0 
V 
Maximum Input Voltage 


T, 
Vs-2.5 
Vs-2 
V 


Impedance 
10 
100 
Mil 


IB1AS 
150 
300 
nA 
Voo 
300 
SOO 
100 
400 
~V 


Vas Drift 
TM1N 
to TMA)C 
10 
~V/'C 


OPEN COLLECTOR 
OUTPUT 


VSAT 
IpUlL UP = 10mA 
0.4 
V 


ILEAKAGE 
VPUllUP 
E 5V 
1 
~A 


VPULl UP = 36V 
10 
~A 


Fall Time 
100 
ns 


Delay to Rise 
RpULl UP = 4700. 
100 
ns 


Settling Time 
To Specified Linearity for 
(1) 


Full Scale Input Step 


REFERENCE 
VOLTAGE 


Voltage 
2.59 
2.6 
2,61 
V 
Voltage Drih 
100 
50 
ppm/'C 


Load Regulation 
10 = Oto 10mA 
10 
mV 
PSRR 
Vs = +5V to +36V 
10 
mV 


Current Limit 
Short Circuit Protected 


INTEGRATOR 
AMPLIFIER 
OUTPUT 


Output Voltage Range 
RL = 100kil 
O.S 
2.9 
V 


COMPARATOR 
INPUT 


ISlAS 
+1 
~A 
Trigger Voltage 
2.6 
V 
Input Voltage Range 
0 
2.9 
V 


THERMOMETER 
VT 
TA = +25'C 
29S 
mV 
VT Slope 
TM1N to TMAX 
1 
mV/'K 


DISABLE 
INPUT 


VHIGH 
(Disabled) 
2 
V 
VLOW 
O.S 
V 
IHIGH 
(Disabled) 
VHIGH:: 
2V 
10 
~ 


I LOW 
VLOW 
= O.SV 
10 
~A 


POWER SUPPLY 
Voltage 
4.5 
5 
36 
V 
Current 
7.5 
10 
mA 


TEMPERATURE 
RANGE 


Specified 
-25 
+S5 
'C 
Storage 
--40 
+125 
'C 


LINEARITY 
ERROR, MAX 
TEMPERATURE 
MODEL 
PACKAGE 
(Is = 100kHz) 
RANGE 


VFC121AP 
Plastic DIP 
0.05% 
-25°C 
to +85°C 
VFC121BP 
Plastic DIP 
0.03% 
-25'C 
to +S5'C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(" 


VFC121AP 
14-Pin Plastic DiP 
010 
VFC121BP 
14-Pin Plastic DIP 
010 


The information provided hereIn Is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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VOltage-to-Frequency 
and Frequency-to-Voltage 
CONVERTER 


• 
HIGH LINEARITY, 
12 to 14 bits 
iO.005% 
max at 10kHz FS 
iO.03% 
max at 100kHz 
FS 
iO.1% 
typ at 1MHz FS 


• 
V1F OR FN CONVERSION 


• 
6-DECADE 
DYNAMIC 
RANGE 


• 
20ppmJ°C max GAIN DRIFT 


• 
OUTPUT 
nUCMOS 
COMPATIBLE 


• 
INEXPENSIVE AID AND DlA CONVERTER 


• 
DIGITAL 
PANEL METERS 


• 
TWO-WIRE 
DIGITAL 
TRANSMISSION 
WITH NOISE IMMUNITY 


• 
FM MOD/DEMOD 
OF TRANSDUCER 
SIGNALS 


• 
PRECISION 
LONG TERM 
INTEGRATOR 


• 
HIGH RESOLUTION 
OPTICAL 
LINK FOR 
ISOLATION 


• 
AC LINE FREQUENCY 
MONITOR 


• 
MOTOR SPEED MONITOR AND CONTROL 


The VFC320 monolithic voltage-to-frequency 
and fre- 
quency-to-voltage 
converter 
provides 
a simple 
low 
cost method of converting 
analog signals into digital 


pulses. The digital output is an open collector and the 
digital pulse train repetition rate is proportional 
to the 
amplitude 
of the analog input voltage. Output pulses 
are compatible 
with TTL, and CMOS logic families. 


High linearity (0.005%, max at 1OkHz FS) is achieved 
with relatively 
few external components. 
Two exter- 
nal resistors and two external capacitors 
are required 


to operate. Full scale frequency 
and input voltage are 


determined 
by a resistor 
in series with -In 
and two 
capacitors 
(one-shot 
timing and input amplifier 
inte- 
gration). 
The 
other 
resistor 
is a non-critical 
open 
collector pull-up (fOUT to +Vcc). The VFC320 is avail- 
able in three performance/temperature 
grades and two 


package configurations. 
The TO-lOO versions are her- 


metically sealed, and specified for the -25°C to +85°C 
and -55°C 
to + 125°C ranges, 
and the dual-in-line 


units are specified from -25°C 
to +85°C. 


BURR-BROWN. 
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VFC320BGlBMlSM 
VFC320CGlCM 
I 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
I 
MAX 
I 
UNITS 


VIF CONVERTER 
fOUT= V,,.t7.5 R, C" 
Figure 4 


INPUT TO OP AMP 
Voltage Range(l) 
Fig. 4withe2",Q 
>0 
Note 2 
V 


Fig. 4 with 8, '" 0 
<0 
-10 
V 
Current Range(1) 
I'N = V'NIA'N 
+0.25 
+750 
~A 
Bias Current 


Inverting Input 
4 
8 
nA 


Noninverting 
Input 
10 
30 
nA 
Offset Voltagel') 
±O.15 
mV 
Offset Voltage Drift 
±5 
~vrc 
Differential 
Impedance 
300 115 
650115 
kn II pF 
Common-Mode 


Impedance 
300113 
500113 
kn II pF 


ACCURACY 
Linearity 
Error(1) 
(<l) (5) 
Fig. 4 with 82 = 0(6) 


0.01 Hz ~ lOUT~ 10kHz 
±0.004 
±O.005 
±O.0015 
±O.002 
%FSR 
O.lHz ~ lOUT~ 100kHz 
±0.008 
±O.030 
%FSR 


1Hz ~ lOUT~ lMHz 
±O.l 
% FSR 
Offset Error Input 
Offset Voltagel') 
±15 
ppm FSR 
Offset Driftl') 
±0.5 
ppm FSRrC 
Gain 
Error(3) 
±5 
±10 
% FSR 


Gain 
Oriftf71 
I = 10kHz 
50 
20 
ppm FSRrC 
Full scale 
Drift 
I = 10kHz 
50 
20 
ppm FSRrC 
(Offset Drift and Gain Drift) (7)(8)(9) 


Power Supply Sensitivity 
±Vcc 
= 14VDC to 18VDC 
±O.015 
% FSR% 


DYNAMIC 
RESPONSE 
Full Scale Frequency 
CLOAD 5 50pF 
1 
MHz 
Dynamic Range 
6 
Decades 
settling 
Time 
(V/F) to Specitied Linearity 
- 


For a Full Scale Input Step 
Note 10 
Overload 
Recovery 
<50% Overload 
Note 10 


OPEN COLLECTOR 
OUTPUT 


Voltage, Logic "0" 
ISINK 
'" SmA, max 
0.4 
V 
Leakage Current, Logic ~1" 
Va = 15V 
0.01 
1.0 
~A 
Voltage, Logic "1~ 
External Pull-up Resistor 
Required (See Figure 4) 
Vpu 
V 
Duty Cycle at FS 
For Best Linearity 
25 
% 


Fall Time 
lOUT= 5mA, CLOAD= 500pF 
100 
ns 


FN CONVERTER 
VOUT= 7.5 R,C, f'N' Figure 9 


INPUT TO COMPARATOR 
Impedance 
501110 
1501110 
kn II pF 


Logic "1" 
+1.0 
+Vcc 
V 
Logic "0" 
-Vec 
~.05 
V 
Pulse-width 
Range 
0.25 
~s 


OUTPUT FROM OP AMP 
VDltage 
10= 6mA 
o to +10 
V 
Current 
Va = 7VDC 
+10 
mA 
Impedance 
Closed-Loop 
0.1 
n 
Capacitive 
Load 
Without Oscillation 
100 
pF 


POWER SUPPLY 
Rated Voltage 
±15 
V 
VDltage Range 
±13 
±20 
V 
Quiescent 
Current 
±6.5 
±7.5 
mA 


TEMPERATURE 
RANGE 


Specification 
Band 
C Grades 
-25 
+85 
'C 


S Grade 
-55 
+125 
'C 
Operating 


Band 
C Grades 
-40 
+85 
·c 
S Grade 
-55 
+125 
'C 
Storage 
-65 
+150 
'C 


" Specification the same as tor VFC320BGlBMlSM. 
NOTES: (1) A 25% duty cycle at full scale (0.25mA input current) is recommended where possible to achieve best linearity. (2) Determined by ~N 
and full scale current range 
constraints. (3) Adjustable to zero SeeOffset and GainAdjustmont soct;on. (4) Linearity error at any operating frequency is defined as the deviatIonfrom a straight hnedrawn between 
the full scale frequency and 0.1% of full scale frequency. See Discussion of Specifications section. (5) When offset and gain errors are nulled, at an operating temperature, the linearity 
error determines the final accuracy. (6) For el '" 0 typical linearity errors are: 0.01% at 10kHz, 0.2% at 100kHz, 0.1% at 1MHz. (7) Exclusive of external components' drift. 
(8) FSR '" Full Scale Range (corresponds to full scale and full scale input VOltage.)(9) Positive drift is defined to be increasing frequency with increasing temperature. 
(10) One pulse DI new frequency plus 50ns typical. 
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MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


VFC320BG 
14-Pin Ceramic DIP 
-25°C 
to +85°C 
VFC320BM 
TO-l00 
-25°C 
to +85°C 
VFC320SM 
TO-lOO 
-SS"C to +12S"C 
VFC320CG 
14-Pin Ceramic DIP 
-25°C 
to +85°C 
VFC320CM 
TO-l00 
-2S"C 
to +8S"C 


-vcc 


One-Shot 
Capacitor 


1 
Voor (Int. Out) 
6 
NC 


2 
+In 
7 
toUT 


3 
-In 
8 
Compo Input 
4 
-Vcc 
9 
Common 


5 
One-Shot 
Cap. 
10 
+Vcc 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
109x87±S 
2.77 x 2.21 ±0.13 
Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Gold 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


VFC320BG 
14-Pin Ceramic DIP 
163 
VFC320BM 
TO-lOO 
007 
VFC320SM 
TO-lOO 
007 
VFC320CG 
14-Pin Ceramic 0 IP 
163 
VFC320CM 
TO-lOO 
007 


Supply Voltage 
±20V 


Output Sink Current at fOUT 
..•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SOmA 
Output Current at VOUT 
...........•..........•............................................ 
+20mA 
Input Voltage, -Input.. 
... ±Vcc 


Input Voltage, +Input 
±Vcc 


Storage Temperature 
Range. 
. 
-65°C 
to +150°C 


Lead Temperature 
(soldering, 
105) 
+300°C 


The information 
provided herein is believed to be reliable; however, 
BURR·BROWN 
assumes no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 
no responsibility 


for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change without notice. No patent rights or 


licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant any BURR-BROWN 
product for use in life support 


devices and/or systems. 
iU~;i' 
----~-- 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


8 Digital Audio Products 


Burr-Brown pioneered the digital audio industry a 
decade ago with the introduction of the world's 
first IC digital-to-analog converter specifically de- 
signed for audio applications. Burr-Brown contin- 
ues to be a leader in this field with a complete line 
of D/As, AIDs and Digital filters for all ranges of 
digital audio--from 
consumer to professional. 


The selection guide on the following pages will 
assist in the selection of the proper component for 
each application-some 
of the newer products 
are: 


PCM171o-This 
dual D/A offers the maximum 
performance 
(-88dB 
THD+N) 
in an economy 
converter for consumer applications. It is a com- 
plete converter and contains a digital filter, output 
low pass filters and op amps. 


PCM1712/14/15- 
These derivations of the popu- 


lar PCM1710 are tailored for specific applications. 
The PCM1712 is optimized for economy con- 
sumer applications. The PCM1714 is configured 
for music instruments. The PCM1715 has the 
output flexability required for communications, 
multi-media and DSP. 


PCMl717-A 
new SoundPlus complete 16- or 
18-bit stereo, audio D/A converter, including digi- 
tal interpolation filter, 3rd-order delta-sigma D/A, 
and analog output amplifiers-fabricated 
using a 


highly advanced 0.61J.CMOS process. 


PCM1718-Another 
in the SoundPlus line, this 
converter accepts 18-bit normal input data format, 
or 16- or 18-bit PS data format. 


PCMl72o-A 
complete, stereo audio converter, 
the PCMl720 can accept 16-, 20-, or 24-bit input 
data in either normal or FS formats. It can also 
accept standard digital audio sampling frequencies 
as well as one-half and double sampling frequen- 
cies. 


PCMl721-Basically 
the same as the PCMl720, 
the PCMl721 has a programmable phase-locked 
loop (PLL) circuit included. The PLL derives 
either 256fs or 384fs system clock from an exter- 
nal 27MHz reference frequency. 


PCMIDF176o-This 
combination provides 20- 


bit stereo AID conversion with performance levels 
requ~ed. by high-end consumer and pro aUdia. 
apphcatlOns. 


BURR· 
BROWNe 
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~ 
Digital Audio Products 


DF1700 (16, 18 or 20-Bit) 


DF1750 (16 or 18-Bit, for PCM1750) 


DF1760 (16 or 20-Bit, for PCM1760) 


16-811 


PCM1750 (200kHz, Dual) 


PCM78 
(200kHz) 


16-811 


PCM53 (-88dB) 


PCM54 
(-92dB) 


PCM55 
(-92dB) 


PCM56 
(-92dB) 


20-811 


PCM1760 (50kHz, Requires 


DF1760, Dual) 


18-811 


PCM61 
(-92dB) 


16-811 


PCM1700 
(-92dB) 


PCM67 
(-92dB) 


PCM69 
(-92dB) 


16-811 


PCM1710 
(-88dB) 


PCM1712 
(-87dB) 


PCM1715 
(-92dB) 


20-811 


PCM63 
(-96dB) 


PCM1702 
(-96dB) 


20-811 
PCM1710 (-91d8) 


16-, or 18-811 
PCM1717 (-88d8) 


PCM1718 
(-BOdS) 


16-, 20-. or 24-811 


PCM1720 
(-gOdS") 


PCM1721 
(-B5dS") 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMf 


~ 


lD 
m~ 
m~ 
~product 


3PCM54 


PCM56 
PCM61 
PCM63 
PCM69A 
PCM1700 
PCM1702 
PCM1710U 
PCM1712U 
PCM1715U 
PCM1717E 
PCM17t8E 
PCM1720E 
PCM1721E 


AUDIO QUALITY DIGITAL· TO· ANALOG 


Dynamic 
Audio 
Resolution!') 
Sampllng(2} 
Range 
Data 
Power 
(Bits) 
Rate 
(typ In dB) 
Configuration 
Format 
Supply 
Package 
Comments 


16 
500kHz 
94 
Mono 
Parallel 
±5to±15 
DDIP-28 
Bipolar, R-2R, Parallel Input 
16 
800kHz 
94 
Mono 
Serial Latched 
±5to±12 
DIP-16, SO·16 
Bipolar, R·2R 
18 
800kHz 
94 
Mono 
Serial Latched 
±5to±12 
DIP-16 
Bipolar, R·2R 


20 
1MHz 
104 
Mono 
Serial Latched 
±5 
DIP-28 
Bipolar, Signed Magnitude 


18 
1MHz 
100 
Stereo 
Serial Latched 
±5 
Dlp·16, SO-20 
BiCMOS, Advanced 1-Bit 


18 
800kHz 
94 
Stereo 
Serial Latched 
±5 
Dlp·28, SO-28 
Bipolar, R-2R 


20 
1MHz 
104 
Mono 
Serial Latched 
±5 
DIP-16, SO-20 
BiCMOS, Signed Magnitude 
20 
48kHz 
98 
Stereo 
Normal, Continuous 12S 
+5 
SO-28 
CMOS, Multi-Level IlL 


16 
48kHz 
94 
Stereo 
Normal 
+5 
SO-28 
CMOS, Multi-Level IlL 


16 
48kHz 
98 
Stereo 
Normal 
+5 
SO-28 
CMOS, Multi-Level IlL 


18 
48kHz 
96 
Stereo 
Normal,I2S 
+3 to +5 
SSOP-20 
CMOS, Multi-Level 
~L 


18 
48kHz 
96 
Stereo 
Normal, PS 
+3 to +5 
SSOP-20 
CMOS, Multi-Level 
LlI 


24 
96kHz 
96 
Stereo 
Normal, PS 
+5 
SSOP-20 
CMOS, Multi-Level 
LlI 


24 
96kHz 
94 
Stereo 
Normal, PS 
+5 
SSOP-24 
CMOS, Multi-Level 
<1I, Internal PLL 


Input 
Typical 
Passband 
Stopband 
Power 
Resolution 
Resolution 
Ripple 
Attenuation 
Supply 
Product 
(Bits) 
(Bits) 
(dB) 
(dB) 
(V) 
Pkg(') 


DF1700 
16 
16/18/20 
±O.OOOOSdB 
>100dB 
+5V 
DIP/SO 
DF1750 
16/18 
18 
< ±0.0005dB 
>95dB 
+5V 
DIP/SO 
DF1760 
16/20 
16/20 
±0.0001dB 
>94dB 
+5V 
DIP/SO 


NOTE:(1)DIP= 0.3"wideDIP,SO= SmallOutlineSurlaceMount. 


Page 
Description 


Dual Interpolation 
Dual 1/4 or 1/2 Decimating 
Dual Decimating 


Typical 
Resolution 
DC Linearity 
Product 
(Bits) 
Accuracy 


PCM78 
16 
14-Bit 


PCM1750 
18 
14·Bit 
PCM1760 
20 
16·Bit 
NOTE:(1)DDIP= 0.6"wideDIP,SO. SmallOutlineSurlaceMount. 


Input 
Conversion 
THD+N 
Range 
Time 
dB, Max 
Output 
(V) 
(J.lS) 
(V'N = ±FS) 
Format 


±3 
5 
--a8 
Serial 


±2.75 
5 
-90 
Serial 


±2.5 
20 
-90,88 
Serial 


Pkg(l) 


DDIP 
DDIP, SOIC 
DDIP, SOIC 


Description 


Low Cost 
Dual 
Dual Channel, ~L 


• DENOTESTYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


00 
Some specifications have been estimated for comparison 
~ 
purposes. Refer to data sheets for guaranteed specifications. 


DIGITAL AUDIO PRODUCTSI 


BURR - BROWN® 
113131 


DEMO 
BOARD 


AVAILABLE 
See Appendix 
A 


16-Bit Audio 
ANALOG-TO-DIGITAL 
CONVERTER 


• 
LOW COST/HIGH 
PERFORMANCE 
16-BIT 
AUDIO AID CONVERTER 


• 
FAST 5~ 
MAX CONVERSION 
TIME 


(4~ 
typ) 


• 
VERY LOW THD+N ( typ -B8dB 
at FS; 


max-B2dB) 


• 
±3V INPUT RANGE 


• 
TWO SERIAL 
OUTPUT 
MODES PROVIDE 
VERSATILE 
INTERFACING 


• 
COMPLETE 
WITH INTERNAL 
REFERENCE 
AND CLOCK 
IN 28-PIN PLASTIC 
DIP 


• 
±5V TO ±15V SUPPLY 
RANGE (600mW 
Power 
Dissipation) 


The PCM78P 
is a low-cost 
16-bit analog-to-digital 
converter which is specifically designed and tested for 
dynamic 
applications. 
It 
features 
very 
fast, 
low 
distortion 
performance 
(4~/-88dB 
THD+N 
typical) 


and is complete 
with internal 
clock 
and reference 


circuitry. The PCM78P is packaged in a reliable, low- 
cost 28-pin plastic DIP and data output is available in 
user-selectable 
serial output formats. The PCM78P is 
ideal for digital audio tape (OAT) recorders. 
Many 


similar applications 
such as digital signal processing 


and telecom 
applications 
are equally well served by 


the PCM78P. 


The PCM78P 
uses 
a SAR technique. 
Analog 
and 
digital portions are efficiently partitioned 
into a high- 


speed, 
bipolar 
section 
and 
a 
low-power 
CMOS 


section. The PCM78P 
has been optimized 
for excel- 


lent dynamic performance 
and low cost. 


• 
DSP DATA ACQUISITION 


• 
TEST INSTRUMENTATION 


• 
SAMPLING 
KEYBOARD 
SYNTHESIZERS 


• 
DIGITAL 
AUDIO TAPE 


• 
BROADCAST 
AUDIO 
PROCESSING 


• 
TELECOMMUNICATIONS 


BURR-BROWN_ 
IElElI 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


PCM78P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
I 
16 
Bits 


INPUT/OUTPUT 
. 


ANALOG 
INPUT 


Input Range 
-3 
+3 
V 
Input Impedance 
1.5 
kn 


DIGITAL 
INPUT/OUTPUT 
Logic Family 
TIL 
Compatible 
CMOS 
Logic Level: 
V1H 
I'H • +401lA 
~ 
I l~' 


V 


V,L 
I'L' 
-1001lA 
o 
+O.S 
V 


Voo 
100: 2TIL 
Loads 
+2.4 
V 


VOL 
IOL: 2TIL 
Loads 
+0.4 
V 
Data Format 
Serial BOB or B C 


Convert Command 
Negative 
Edge 
(1) 


Pulse Width 
.. 
25 
I 
50 
I 
ns 


CONVERSION 
TIME 
I 
4 
5 
~s 


DYNAMIC 
CHARACTERISTICS 


SIGNAL·TO·NOISE 
RATIO (SNR~2) 
ts' 
200kHzlT 
CONV 
• 4~s(3) 


I • 1kHz (OdB) 
BW.20kHz 
90 
dBI') 


I • 10kHz (OdB) 
BW = 100kHz 
SO 
dB 


TOTAL 
HARMONIC 
DlSTORTION(') 
Is = 200kHzlT 
CONV 
• 4~ 
I = 1kHz (OdB) 
BW = 20kHz 
-91 
dB 
I: 
19kHz (OdB) 
BW.20kHz 
-90 
dB 
I • 10kHz (OdB) 
BW.100kHz 
-90 
dB 
I : 90kHz (OdB) 
BW.100kHz 
-<19 
dB 


TOTAL 
HARMONIC 
DISTORTION 
+ NOISE(') 
Is' 
200kHzlT 
CONV 
• 4~s 
I : 
1kHz (OdB) 
BW = 20kHz 
-<IS 
-<12 
dB 
I : 
1kHz (-20dB) 
BW = 20kHz 
-74 
-<IS 
dB 
I : 
1kHz ("';;OdB) 
BW = 20kHz 
-34 
dB 
CO 


t • 19kHz (OdB) 
BW.20kHz 
-<17 
dB 
r-- 


t : 
10kHz (OdB) 
BW: 
100kHz 
-<12 
dB 
:E 
t • 90kHz (OdB) 
BW.1ookHz 
-<11 
dB 
0 
TRANSFER 
CHARACTERISTICS 
D. 


ACCURACY 
Gain Error 
±2 
% III 


Bipolar Zero Error 
±20 
mV 


Differential 
Linearity Error 
±0.002 
% of FSR(7} 


Integral Linearity Error 
±0.003 
%01 FSR 
Missing Codes 
None 
14 
Bits(8) 


DRIFT 
C 


Gain 
aoc to +70°C 
±25 
ppml"C 
< 
Bipolar Zero 
O"C to +70"C 
±4 
ppm 01 FSR?C 
I 
POWER SUPPLY 
SENSITIVITY 
en 
+Vcc 
±O.OOS 
%FSR?IoVcc 
~ 
-Vcc 
±0.003 
%FSR?IoVcc 
0 
+VOD 
±0.003 
%FSRJO/oVOD 
:;) 
POWER SUPPLY 
REQUIREMENTS 
C 


Voltage Range: 
+Vcc 
+4.75 
+15.6 
V 
0 
-Vec 
-4.75 
-15.6 
V 
a:: 
+Voo 
+4.75 
+5.25 
V 
a. 
Current: 
+Vcc 
+Vcc = +12V 
+15 
mA 
-Vec 
-Vee: 
-12V 
-21 
mA 
0 
+VOD 
+Voo ::: +SV 
+7 
mA 


Power Dissipation 
±Vcc = ±12V 
575 
mW 
C 


TEMPERATURE 
RANGE 
:;) 


Specification 
0 
+70 
"C 
« 


Storage 
-50 
+100 
"C 
..J 


Operating 
-25 
+S5 
"C 
oc:( 


NOTES: 
(1) When convert command is high, converter is in a halVreset mode. Actual conversion 
begins on negative edge. See detailed text on timing for convert 
command 
description 
when using external clock. 
(2) Ratio of Noise rms/Slgnal 
rms. 
(3) f = Input frequency; 
fs = sample frequency 
(PCM78P 
and SHC702 
In 
combination); 
BW = bandwidth of output (based on FFT or actual analog reconstruction 
using a 20kHz low-pass fitter). 
(4) Referred to input signal level. 
(5) Ratio 
of Distortion 
rmslSignal 
rms. 
(6) Ratio of Distortion 
rms + Noise rmslSignal 
rms. (7) FSR: Full·Scale 
Range = GVp-p. (8) Typically 
no missing Codes at 14-bit 
resolution. 
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PIN 
NAME 
VO 
OESCRIPTION 


1 
Analog In 
I 
Analog Signal Input (1.5k!l 
impedance). 


2 
-Vec 
I 
Analog power supply (-5V to -15V). 
3 
MSB Adjust 
I 
Internal adjustment point to allow adjustment of MSB major carry. 
4 
+VOD 
I 
Power connection for comparator 
(+5V). 


5 
No Connection 
- 
No internal connection. 


6 
Comparator 
Common 
I 
Comparator 
common connection. Connect to ground. 


7 
MSB 
0 
Parallel output ot bit 1 (MSB) inverted. 


8 
BTC/BOB Select 
I 
Two's complement 
(open) or straight binary (grounded) data output format selection. 


9 
Status 
0 
Output signal held high until conversion 
is complete. 
10 
Clock Out 
0 
Internal clock output generated from RC network on pins 11 and 12 (also present when external clock is used lagging 
external clock by -2405 and same dUty cycle). 
11 
Ale, 
I 
RC connection 
point used to generate internal clock. Sets clock high time. See text for details. 


12 
R2C2 
I 
RC connection 
point used to generate internal clock. Sets clock low time. See text for details. 
13 
SOUT2 
0 
Internal shift register containing the previous conversion 
result. (Alternate latched data output mode). 
14 
+Voo 
I 
Power connection for +5V logic supply. 
15 
Soon 
0 
Primary real-time data output synchronized 
to clock out. 


16 
External Clock 
I 
External clock input point (internal clock must be disabled). 


17 
InVExt Clock Select 
I 
Selects either internal or external clock mode (low = internal; open = external). 


18 
Short Cycle 
I 
Terminates 
conversion at less than 16 bits (open for 16·bit mode). See text for details. 
19 
Convert Command 
I 
Starts conversion 
process (can optionally be generated internally). 
20 
SOUT2Latch 
I 
Latches previous conversion 
result for readout (must be issued with the SOUT2clock to initiate latch and an internal convert 
command). 


21 
SoUT' Clock 
I 
Used to read out internally latched data from previous conversion. 
22 
Digital Common 
I 
Digital grounding pin. 
23 
+Vcc 
I 
Analog supply connection 
(+5V to +15V). 


24 
VpOT 
0 
Voltage output (-2.5V) 
for optional adjustment of MSB transition. 


25 
Reference Decouple 
I 
Reference decoupling 
point. 


26 
Analog Common 
I 
Analog grounding pin. 
27 
Reference Out 
0 
2V reference out. Should not be used except as shown in connection diagram. 
28 
Speed Up 
I 
Connection point for a capacitor to speed reference settling. See text for details. 


DIGITAL OUTPUT 


ANALOG 
INPUT 
CONDITION 
BTC 
BOB 


+2.999908V 
+ Full Scale 
7FFF Hex 
FFFF Hex 
-3.000000V 
--Full Scale 
8000 Hex 
0000 Hex 


O.OOOOOOV 
Bipolar Zero 
0000 Hex 
8000 Hex 


-o.000092V 
Zero-1 LSB 
FFFF Hex 
7FFF Hex 


+Vcc to Analog Common 
0 to +16.5V 
-Vcc to Analog Common. 
. 
0 to -16.5V 
-Voo to Analog Common 
0 to +7V 
Analog Common to Digital Common.. 
. 
±0.5V 


Logic Inputs to Digital Common. 
. 
-o.3V to Voo + O.5V 


Analog Inputs to Analog Common. 
. 
±16.5V 


Lead Temperature 
(soldering, 
10s) 
+300°C 
Stresses above these ratings may permanently 
damage the device. 


MODEL 


PCM78P 


PACKAGE 
DRAWING 
NUMBER!') 


215 


The information provided hereIn Is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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DEMO BOARD 
AVAILABLE 
See Appendix A 


PCM1750P 
PCM1750U 


Dual CMOS 18-Bit Monolithic 
Audio 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
DUAL 
18-BIT 
LOW-POWER 
CMOS AUDIO 
AiD CONVERTER 


• 
FAST 4.5Jls MIN CONVERSION 
TIME 
INCLUDING 
StH 


• 
VERY LOW MAX THD+N: 
-88dB 
Without 
External 
Adjust 


• 
COMPLETE 
WITH INTERNAL 
REFERENCE 
AND DUAL StH FUNCTION 


• 
TWO CO-PHASE 
SAMPLED, 
±2.75V 
AUDIO 
INPUTS 


• 
CAPABLE 
OF 4X PER CHANNEL 
OVERSAMPLING 
RATE 


• 
RUNS ON ±5V SUPPLIES 
AND 
DISSIPATES 
300mW 
MAX 


• 
COMPACT 
28-PIN PLASTIC 
DIP OR SOIC 


The PCM1750 
is a low cost, dual 18-bit CMOS ana- 


log-to-digital 
converter 
optimized 
for dynamic 
signal 


applications. 
The PCMI750 
features 
true co-phased 
inputs with an internal sarnple/hold 
function for each 
channel. The PCMl750 
also comes complete 
with an 


internal reference. Total power dissipation 
is less than 
300mW max using ±5V voltage supplies. Low maxi- 
mum Total Harmonic Distortion + Noise (-88dB max) 
is 100% tested. The very fast PCM1750 
is capable 
of 4 times oversampling 
of the audio bandwidth 
on 


both input channels simultaneously, 
providing 
greater 
freedom 
to designers 
in selecting 
input anti-aliasing 
filters. 


PCM1750 
outputs serial data in a format that is com- 
patible with many digital filter chips and comes pack- 
aged in a space saving 28-pin plastic DIP or SOIC. 


Clock 


Convert 


Offset Adi Left 


V1N Left 


VIN Right 


Offset Adj Right 


BURR-BROWNe 
IE3lE3lI 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


PCM1750P, 
U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
18 
Bits 


DYNAMIC 
RANGE 
THD + N at-£OdB 
Referred to Full Scale 
+88 
+90 
dB 


ANALOG 
INPUT 
Input Range 
±2.75 
V 
Input Capacitance 
20 
pF 
Aperture Delay 
10 
ns 


Aperture Uncertainty (Jitter) 
50 
PSrms 


Full Power Input Bandwidth 
500 
kHz 


DIGITAL INPUT/OUTPUT 
Logic Family 
r~-r".,., 
Logic Level: V1H 
I'H :±5f!J\ 
+3.5 
V 


V,L 
III = ±5f!J\ 
-0.3 
+1.5 
V 


VOH 
ISOURCE::::1.0mA 
+2.7 
+4.7 
V 


VOL 
ISINK 
:::: 3.2mA 
+0.2 
+0.4 
V 


Output Data Formaf 
Serial, MSB First, BTCI') 
. 


Convert Command 
Positive Edge 
Convert Command 
Pulse Width 
81 
ns 
Conversion Time 
Throughput 
Including Sample/Hold(2) 
4.5 
5.2 
20.8 
~s 


DYNAMIC 
CHARACTERISTICS 
(20Hz to 24kHz; 4X data decimated to 1X) 


Signal-ta-Noise 
Ratio(3) 
fs = 192kHzl'); fiN: 
1kHz (OdB)I') 
+88 
+90 
dBI&) 


Total Harmonic Distortion + N{7) 
Without 
External Adjustments 


fiN = 1kHz (OdB) 
fs = 192kHz 
-90 
-88 
dB 


fiN = 1kHz (-20dB) 
ts = 192kHz 
-70 
-£8 
dB 


fiN = 1kHz (-£OdB) 
ts = 192kHz 
-30 
-28 
dB 


Channel Separation 
fs = 192kHz; fiN = 1kHz (OdB) and OV 
+96 
+108 
dB 


ACCURACY 
Gain Error 
±2 
±5 
% 


Gain Mismatch 
Channel to Channel 
±D.5 
±2.0 
% 


BPZ (Bipolar Zero) Erro~8) 
• 


±2 
mV 


BPZ Error Mismatch 
Channel to Channel 
±3 
mV 
BPZ Differential Linearity Erro~9) 
±0.002 
%of 
FSR(10) 


Linearity Error 
±0.003 
%of 
FSR 
Warm-up Time 
1 
ms 


DRIFT (With Internal 
Reference) 


Gain 
O·C to 70·C 
±50 
ppml"C 
Bipolar Zero 
O·Cto 70·C 
±10 
ppm of FSRI"C 


DRIFT (Exclusive 
of Internal 
Reference) 


Gain 
O·Cto 70·C 
±10 
ppml"C 


Bipolar Zero 
O·Cto 70·C 
±3 
ppmof 
FSRI"C 


REFERENCE 
VRE, 
Output (Pins 19, 24): 


Voitage 
+2.75 
V 
Current 
±100 
~A 


Impedance 
0.2 
fl 
Accuracy 
±25 
mV 
Drift 
O·C to 70·C 
±50 
ppml"C 
VRE, 
Input (Pins 18. P25): 
lmpedance(llj 
36311120 
flllpF 


POWER SUPPLY 
REJECTION 
% of VJN 1% of VSU:>PLY 
(12) 
0.03 
%1% 


POWER SUPPLY 
REQUIREMENTS 


±V A Supply Voltage Range 
±4.75 
±S.OO 
±5.25 
V 
+Vo 
Supply Voltage Range 
+4.75 
+5.00 
+5.25 
V 
+1,,;+10 Combined Supply Current 
+V,,; +Vo "" +5.0V 
+28 
mA 


-IA 
Supply Current 
-VA = -5.0V 
-13 
mA 
Power Dissipation 
±V" "" ±5.0V; +Vo= +5.0V 
210 
300 
mW 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
·C 
Operating 
-40 
+85 
·C 
Storage 
-£0 
+100 
·C 


NOTES: (1) Binary Two's Complement coding. (2) The PCM1750 is tested and guaranteed at 5.2us. however it will operate at 4.~. 
The dynamic performance 
is not 
guaranteed or tested at this conversion rate. (3) Ratio of SignalRMsl (OistortionRMs + NoiseRMs), (4) AID converter sample frequency (4 x 48kHz; 4X oversampling 
per 
channel). (5) AID converter input frequency (signal level). (6) Referred to input signal level. (7) Ratio of (DistortionRMS + NoiseAMs)I SignalRMs, (8) Externally adjustable 
to zero error. (9) Differential non-linearity error at bipolar major carry input code. Externally adjustable to zero error. (10) Full scale range (5.50V). (11) Refer to equivalent 
circuit in Figure 1. (12) Worst case operating condition. 
Refer to typical performance 
curves. 


Or, Call Customer Serv;cl~at 1·800·548·6132 (USA Only) 


ABSOLUTE 
MAXIMUM 
RATINGS 


PIN 
DESCRIPTION 
MNEMONIC 


1 
-SV Analog Supply Voltage 
-VA 
2 
+SV Analog Supply Voltage 
+VA 
3 
Serial Output (left 
Channel) 
SOUTl 


4 
External Clock Input 
ClK 
S 
+SV Analog Supply Voltage 
+VA 
6 
+SV Digital Voltage Supply 
+Vo 
7 
+SV Digital Voltage Supply 
+Vo 
8 
Digital Common Connection 
DCOM 
9 
Analog Common Connection 
ACOM 


10 
Digital Common Connection 
DCOM 


11 
Convert Command 
Input 
CONVERT 


12 
Serial Output (Right Channel) 
SOUTR 


13 
+SV Analog Supply Voltage 
+VA 


14 
-SV Analog Supply Voltage 
-VA 
lS 
Offset Adjust (Right Channel) 
OFFAOJR 
16 
MSB Adjust (Right Channel) 
MSBADJR 
17 
Analog Voltage Input (Right Channel; ±2.75V) 
V1NR 
18 
Reference 
Voltage Input (Right Channel) 
VREF1NR 
19 
Reference 
Voltage Output (Right Channel) 
VREFoUTR 
20 
Analog Common Connection 
ACOM 
21 
Reference 
Voltage Decouple 
VREFcAP 
22 
Reference 
Common Connection 
RCOM 


23 
Analog Common Connection 
ACOM 
24 
Reference 
Voltage Output (left 
Channel) 
VREFoUTL 
25 
Reference 
Voltage Input (left 
Channel) 
VREFINL 
26 
Analog Voltage Input (left 
Channel; ±2.75V) 
V1NL 
27 
MSB Adjust (left 
Channel) 
MSBADJL 
28 
Offset Adjust (left 
Channel) 
OFFAOJL 


Analog Input Voltage (V1N). 
. 
-VA -o.3V 
to +VA + 0.3V 


+VA; +Vo to ACOM/DCOM.. 
. 
0 to +7V 
-V Ato ACOM/DCOM 
. 
. 
0 to -7V 


-V A to +VA; +Vo 
0 to +14V 
ACOM to DCOM . 
. 
±1V 


Digital Inputs (pins 4,11) 
to DCOM 
-o.3V 
to +Vo + 0.3V 


Power Dissipation. 
. 
_,400mW 


lead Temperature, 
(soldering 10s) 
+300'C 
Max Junction Temperature. 
. 165°C 


Thermal Resistance, 
(JJA: Plastic DIP.. 
. 
80°CIW 


Thermal Resistance, 
(JJA: Plastic SOle 
100°CfW 


NOTE: Stresses above those listed under Absolute Maximum 
Ratings may 
cause permanent damage to the device. 
Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


PCM1750P 
28-Pin Plastic DIP 
215 


PCM1750U 
28-Pin Plastic SOIC 
217 


-20 


-40 


co 
:3- 
z 
-<30 
+0II- 


-<30 


VIN =-<30dB 


I 
I 


V1N=-40dB 


I 
I 


J1N=-20d~ 


I 
I 


VIN = OdB 


I 
I 


8 
12 
16 


Frequency (kHz) 


-20 


-40 


co 
:3-z 
-<30 


+0II- 


-<30 


-100 


VIN - -<30dB 


VIN --40dB 


V 
20dJ 


VIN = OdB 


40 
60 


Frequency (kHz) 


The Information provided herein Is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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-70 


-80 


OJ 
:2- 
0 
-90 
I0- 


-100 


-110 


-70 


-80 


OJ 
:2- 
-90 
0I0- 


-100 


-110 
- 
V,N =OdB -- 
....- ,.....- 
V 


12 
16 
20 
24 
20 
40 
60 
80 
100 


Frequency (kHz) 
Frequency (kHz) 


PSR vs FREQUENCY 
PSR vs FREQUENCY 
(-5V SUPPLY) 
(+5V SUPPLIES) 


0.1 
0.1 


..• 
..• 


0.01 
0.01 
..• 
..• 


0.001 
0.001 


0.0001 
0.0001 
10 
100 
lk 
10k 
lOOk 
1M 
10 
100 
lk 
10k 
lOOk 
1M 


Frequency (Hz) 
Frequency (Hz) 


VREF 
vs TEMPERATURE 
(V REF Outputs) 
FFT 850Hz (24kHz BW; 2048 POINTS) 


2.80 
0 


2.78 
-25 


OJ -50 


~ 


2.76 
:2- 
"." 


w 
.2 -75 


off 
2.74 
li 
E 
•• -100 


2.72 
-125 


2.70 


-40 
-20 
20 
40 
60 
80 
100 
10 
15 
20 
24 


Temperature 
in °C 
Frequency (kHz) 


f---- 
V,N = OdB 
\'\.. 
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10 -50 
~ 
"2 -75 
~ 
E«-100 


10 -50 
~ 
" 
~ 
-75 
c. 
E«-100 


40 
60 


Frequency (kHz) 


10 -50 
~~ 
~ 
-75 
c. 
E« -100 


10 -50 
~ 
" 
:g -75 
c. 
E«-100 


10 -50 
~ 
" 
~ 
-75 
c. 
E«-100 


40 
60 


Frequency (kHz) 


FFT 88kHz and 92kHz (96kHz BW; 16384 POINTS) 


--&JB 


\:::: 


10 -50 
~ 


~ 
-75 
:a. 
E« -100 
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For Immediate Assistance, Contact YourLocal Salesperson 


THEORY OF OPERATION 


OVERVIEW 


The PCMI750 
is a dual 
18-bit successive 
approximation 
CMOS analog-to-digital 
converter 
with serial data outputs 
designed 
especially 
for digital 
audio and similar 
applica- 
tions. The single-chip 
converter is fabricated on a 31!P-well 
CMOS process which includes poly-poly 
capacitors, 
laser- 
trimmable nichrome resistors, and two layers of interconnect 
metal. 
The dual converter 
employs 
a switched 
capacitor 
architecture 
which 
provides 
separate, 
simultaneous 
StH 
(sample/hold) 
functions for each input channel. The separate 
StH for each channel 
results 
in a desired 
feature 
called 


co-phase 
sampling 
which means that both StH circuits are 
switched at the same time into the HOLD mode to capture 
their respective 
input signals 
simultaneously. 
This elimi- 
nates phasing 
errors produced 
by alternative 
architecture 
ADCs which do not sample the two input channels 
at the 
same time. 


Switched 
binary-weighted 
poly-poly 
capacitors 
are used in 
CDAC 
(capacitive 
digital-to-analog 
converter) 
configura- 
tions to form the successive 
approximation 
converter 
sec- 


-----------------1 
,,,,, 
47kn, 
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tions of the PCM1750. Two other switched-capacitor 
TDACs 


(trim-DACs, 
which employ 
laser-trimmed 
nichrome 
resis- 


tors) are also used to provide small correction voltages to the 
latching comparators. 
These small correction 
voltages com- 


pensate 
for ratio matching 
errors 
of the binary-weighted 
capacitors in the CDAC. The comparators contain autozeroed 
preamplifier 
stages ahead of the latching amplifier 
stage to 
produce 
a one 
bit, 
serial 
data 
stream 
that 
controls 
the 
successive 
approximation 
algorithm for each channel of the 
PCM1750. 


To simplify 
user application, 
the PCM1750 
includes 
an 
internal band-gap reference with fast settling buffer amplifi- 
ers to drive the CDACs. The dual converters 
operate syn- 


chronously 
(to minimize 
digital 
noise 
conversion 
errors) 


using an external system clock (normally 
at IX, 2X or 4X 
the standard 48kHz audio sampling rate). By operating 
at a 
2X or 4X oversampling 
rate the roll-off requirement 
for the 
input anti-aliasing 
filters is relaxed. For example, 
IX sys·· 
terns typically 
use a 9 to II 
pole LPF (low pass filter) 


whereas a 4X system can use a 6th (or smaller) order filter 
when an appropriate digital filter such as the DFI750 
is used 
in conjunction 
with the sampling system. Oversampling 
also 
has the added benefit of improved 
signal to noise ratio and 
total harmonic 
distortion. 
Two serial outputs, one for each 


input channel, provide binary-two's-complement 
coded out- 


put to an optional 
external 
digital 
decimation 
filter when 
over sampling operation 
is desired. The use of the optional 
companion 
digital filter, the DF 1750, is described 
later in 
the installation 
and application 
sections of this product data 


sheet. A separate product data sheet is also available for the 
Burr-Brown 
DF1750 giving all the specifications 
and per- 
formance 
diagrams 
associated 
with this digital filter. 


SAMPLE 
(TRACKING) 
MODE 


After each conversion, the dual ADC returns to the SAMPLE 
mode in order to track the input signals. The switches shown 
in the simplified circuit diagram of Figure I will then be in 
the following 
states: SI connects 
VIN to CI 
; S2 to SI8 


connect 
C2 to CI8 
to VREF; 
HI and H2 connect 
the top 
plates of the capacitor 
arrays to analog common; 
and the 
latching comparator 
is switched into its auto-zero 
mode by 
closing AZI to AZ4. Notice that CI serves two purposes: 
it 
samples and stores the input signal VIN and it is the MSB of 
the CDAC. 
Storing VREF on C2 to CI8 
creates 
a bipolar 
offset, enabling V1N to cover a span from -VREF to +VREF. 


The Iff noise as well as the DC input offset voltage of the 
comparator 
are removed 
by an autozeroing 
cycle 
which 


-Master 
System 
Clock 


P11(CONVERT) 
~ 
_ 


0 
Il) 
•...... 
y- 
~ 


16 
17 
18 
19 
0a. 


INTER~ l-.------------HOLD 
--------~·_I--SAMPLE- 
L 


CONTROL ------------------------ 
t 
Bit1testtime 


____~I--=i= 
Bit2testtime 


SR3 ---.rt_a_te_s_tt_im_e 
_ 


~-v;:: 
-----~~~ 


~ 
------~ 


~------- 


~------- 


• Clock from 0 tional di ital filter chi 
DF1750 4x decimation filter). 


FIGURE 
2. PCMI750 
Input/Output 
Timing Diagram. 
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snown 
In t'lgure 
L). 
Ihese errors 
are stored 
on the AC 
coupling 
capacitors 
(CAZI 
to CAZ4, shown in Figure 
I) 
between 
the gain stages. During 
the SAMPLE 
period the 
inputs to gain stages A I and A2 and the latch are grounded 
by switches HI, H2, and AZI to AZ4. Capacitors CAZI and 
CAZ2 track the amplified 
offset voltage of gain stage AI 


and capacitors CAZ3 and CAZ4 do the same for A2. At the 
beginning 
of a conversion 
cycle, the auto zeroing switches 
open and the instantaneous 
amplified value of both the DC 
offset voltage and the low-frequency 
flicker noise is stored 
on the coupling capacitors to produce zero comparator offset 
during a conversion 
cycle. 


SUCCESSIVE 
APPROXIMATION 
CONVERSION 
PROCESS 


The timing diagram 
in Figure 2 illustrates 
the successive 
approximation 
routine 
of the PCM1750. 
Control 
signals 
CONVERT 
and CLK are derived 
from a master 
system 


clock which comes from a 256fs (256 X the base sampling 
frequency of 48kHz) clock used by the optional digital filter. 
There are 64 clocks shown in the timing diagram because the 
PCMI750 
is shown operating at 4 times the standard 48kHz 


sample rate (192kHz). 


Several events occur on the rising edge of the CONVERT 
command. 
Switches 
AZI 
to AZ4, HI 
and H2 open and 


switch SI reconnects 
the MSB capacitor, 
CI, from VIN to 


TREF ~I 


54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
1 


IU1JUUUlJ1J1J1J 


parator 
auto-zero 
cycle and simultaneously 
switches 
(co- 
phase sampling) both converters 
from tracking their respec- 


tive input signals into the HOLD mode, thus capturing 
the 


instantaneous 
value of V1N(with a small delay specified 
as 


the aperture time). 


At the star! of a conversion 
cycle when S I is switched 
to 
analog common, the sampled input signal V1Nwill appear at 
the comparator 
input as -V IN/2 due to the 2-to-1 capacitive 
divider action of CI = C2 + C3 + ... C18. In a somewhat 
similar manner, VREFis transferred 
to the comparator 
input 
as -V REF/2to create a bipolar offset. 


The 19-bit shift register, shown in Figure 4, controls testing 
of the bits of the dual ADCs beginning with bit-I (MSB) and 
proceeding 
one bit at a time to bit-18 (LSB), leaving ON 
those 
bits that don't 
cause 
the cumulative 
value 
of the 


CDAC to exceed the original input value and leaving OFF 
those bits that do. Since the bits of both channels are tested 
together, only one shift register is required 
to control both 


ranks of 18 data latches. 


For example, the testing of bit-2 proceeds 
in the following 


manner. 
The positive 
pulse from the second shift register 
element SR2, (see Figure 2 and 4) is applied to the bit-2 data 
latch and NOR gate. The NOR gate in turn drives S2 and 
switches bit-2 at the beginning of the bit-2 test interval. Note 
that the bit interval must be long enough to allow both the 
comparator 
input to settle and the comparator to respond. On 


f- 


3 


n __1 f- 
___ 
~n~ 
_ 


I---T2-1- 


T7 --1 


1 
--- 


SOUT 
Bit 17 
~ 
~ 
-I T81-T9-1 


PARAMETER 
DESCRIPTION 
MIN 
NOMINAL 
MAX 
UNITS 


T1 
(1 xTREF) 
Convert 
Command 
High 
24 
33 
55 
% ofT4 
T2 
(6 xTREF) 
5tH Acquisition 
Time 
420 
486 
ns 
T3 
(4 xTREF) 
Convert 
to Clock time 
281 
326 
1302 
ns 
T4 
(3 xTREF) 
Master 
Clock Input 
211 
244 
977 
ns 
T5 
(1 x TREF) 
Clock High 
24 
33 
55 
%ofT4 
T6 
(2 x TREF) 
Clock Low 
45 
67 
76 
%olT4 
T7 
Data Hold Time 
10 
ns 


T8 
Data Setup Time 
100 
ns 
T9 
Data Valid Time 
120 
154 
1212 
ns 
TCONV 
(64 x TREF) 
Conversion 
Throughput 
Time 
4.5 
5.2 
20.8 
llS 
TREF 
(Sample Rate /64) 
Ext Digital Filter Clock 
70 
81 
326 
ns 


the next rising edge of CLKIN, at the end of the test interval, 
the comparator 
latch is strobed, providing 
a feedback 
logic 
level which tells the second data latch if bit-2 should be kept 
or rejected. This logic level is stored in the data latch and is 
passed on to switch S2 via the NOR gate on the falling edge 
of the pulse from SR2. This decision to keep or reject bit-2 
moves 
the comparator 
input 
closer 
to a null condition, 
namely, zero potential. This sequential process continues for 
bit-3 
through 
bit-18 
and nulls 
the comparator 
inputs 
to 
within 
a value limited 
by the total system noise and the 
resolution/speed 
of the comparator. 


Notice from the timing diagram in Figure 2 that the succes- 
sive approximation 
algorithm 
operates 
synchronously 
with 
an external 
clock to minimize 
digitally-coupled 
switching 
noise from corrupting either the sample-to-hold 
operation or 
the critical comparator 
bit decisions. 
The two serial output 
data streams are derived synchronously 
from the respective 
latched comparator 
outputs and are available after a delay of 
one CLKIN cycle as illustrated in Figure 2. The serial output 
driver cells are TTL and CMOS compatible. 


DIFFERENTIAL 
LINEARITY 
CALIBRATION 


To understand 
the calibration 
of the PCM1750 
it is neces- 
sary to discuss 
some 
of the characteristics 
of poly-poly 


capacitors. Poly capacitors are known to have equal or better 
stability and matching 
properties 
when compared 
to other 
precision components 
such as thin film resistors. On a well 


Serial Data 


From 
Latching 
Comparator 


Data 


Latches 


Left 
Channel 


19-8il 
Shift 


Register 


Data 
Latches 


Right 
Channel 


Serial Data 
From Latching 
Comparator 


controlled 
process, 
ratio 
matching 
is typically 
0.1 % - 
a 
very respectable number for an untrimmed component. Even 
more impressive is their ratio tracking versus temperature 
of 
approximately 
0.1 ppm;oC. 


Achieving 
DLE (differential 
linearity error) of less than 1/2 
LSB at the 16-bit level requires ratio matching 
of the more 
significant 
bits to about 0.001 %. Since the untrimmed 
ratio 
matching 
of poly capacitors 
is about two orders of magni- 
tude larger than this requirement, 
a one-time factory calibra- 
tion of the upper bits is required 
as described 
in the next 
section. Next, consider the effect of temperature 
due to the 
ratio tracking 
of O.lppm;oc. 
Over a 50°C span, DLE will 
change less than ILSB at 18-bits; therefore, recalibration 
at 
temperature 
extremes 
is not necessary. 
Because 
of this 
excellent stability versus temperature 
(and versus time, also), 
the one-time 
factory 
calibration 
to correct 
initial DLE is 
more than satisfactory 
in meeting the accuracy requirements 
of the PCMI750. 


TDAC OPERATION 


Operation of the TDAC (trim DAC), which is laser trimmed 
at the wafer level, is described 
using bit-I 
as an example. 
Switch SIT 
(see Figure 
I) operates 
between 
two voltage 
levels-a 
reference 
level set by voltage divider Ra, Rb and 
a laser trimmable 
level set by RIa, RIb. The differences 
of 
these two levels is coupled by capacitor 
CIT to the minus 
input of the comparator 
to generate a correction 
voltage for 
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bit-I. 
The switches 
of the CDAC and the switches 
of the 
TDAC operate concurrently 
with each other, that is, when a 
decision is made to keep or reject bit-I, the same decision is 
made for the correction 
voltage for bit-I. 
Even though the 
ratio stability of the nichrome 
resistors 
used in the TDAC 
may not be as good as the poly capacitors, 
it is inconsequen- 


tial because the correction 
voltage of each bit has a limited 


range of adjustment. 


The DLE at the major carry (a code change from 111... 111 
to 000 ...000; in binary two's 
complement 
coding) 
is typi- 
cally ±1/2 LSB at the 16-bit level, which is sufficient 
to 


provide 90dB SNR and -3OdB low level distortion 
(--{)QdB 
input). For applications 
requiring 
less DLE at the major 


carry, a pin is provided for each channel to make an external 
MSB adjustment. 


DISCUSSION 
OF SPECIFICATIONS 


The theoretical 
resolution 
of the PCMI750 
is 18-bits. The 
maximum 
possible number of output codes or counts at 18- 
bits is 262,144 or 108dB (calculated by raising 2 to the 18th 
power). The relative accuracy 
of any AID converter, 
how- 


ever, is more a function of it's absolute linearity and signal- 
to-noise ratio than how many bits of resolution 
it has. These 
more 
pertinent 
specifications 
are described 
later 
in this 
section. 


Dynamic 
range, 
as it is usually 
defined 
for digital 
audio 


converters, 
is the measure of THD+N 
at an effective 
input 


signal level of --{)OdBreferred to OdB. For the PCMI750 
this 
value is typically 90dB and a minimum 
of 88dB (for audio 
bandwidth = 20Hz to 24kHz, THD+N at --{)Odb= -30 db typ, 
-28dB max; fIN= 1kHz and fs = 192kHz). Resolution is also 
commonly 
used as a theoretical 
measure of dynamic range, 


but it does not take into account the effects of distortion and 
noise at low signal levels. 


ANALOG 
INPUT RANGE 


The analog input range for the PCMI750 
is a bipolar ±2.75V 


(nominal). 
Table I gives the precise input/output 
and volt- 


age/code 
relationships 
for the PCM 1750. Figure 5 shows 


these same relationships 
in a graphical 
format. It should be 


noted that the computed voltage input levels represent center 
values (the midpoint between code transitions). 
Output cod- 


ing is in binary two's complement. 


DIGITAL 
OUTPUT 
ANALOG 
INPUT 
VOLTAGE 
INPUT 


262144 
LSBs 
Full Scale 
Range 
5.50000000V 


1 LSB 
Minimum 
Step Size 
20.9BOB34961N 


1FFFFHEX 
+Full 
Scale 
+2.74997902V 


OOOOOHEX 
Bipolar Zero 
O.OOOOOOOOV 


3FFFFHEX 
Bipolar 
Zero -1 LSB 
-<l.0000209BV 


20000HEX 
-Full 
Scale 
-2.75000000V 


.9- 
0000lH 


<5 
OOOOOH 


~ 
3FFFFH 
is 


• Gain drift (mostly due to reference 
drift) rotates the transfer 
function 


around 
the bipolar 
zero code (OOOOOHEX)' 


NOTE: 
As the power 
supply 
voltages 
change 
(mostly 
due to the +V 


supply), 
the transfer 
function rotates around 
BPZ. See the power 


supply rejection specification 
in the spec table. 


From Figure 5, the effects of offset and gain errors can be 
visualized. 
These 
errors can change 
value in response 
to 
changes in temperature 
and/or supply voltage. In addition, 


gain error (or the full scale range, FSR) changes 
in direct 
proportion 
to the VREF1N voltage value. 


SAMPLE 
AND HOLD PARAMETERS 


Aperture 
Delay and Uncertainty 
Aperture 
delay 
is the time required 
to switch 
from 
the 
SAMPLE to HOLD mode. This time is typically IOns for the 
PCM1750 
and it is constant. Aperture uncertainty 
(jitter) is 


the amount of uncertainty associated with the aperture delay. 
Aperture 
uncertainty 
affects 
the overall 
accuracy 
of the 


converter and is greatest at the maximum 
input frequency of 
the converter. 
The formula 
for determining 
the maximum 
input frequency 
(fMAJ()for a given error contribution 
due to 


aperture 
uncertainty 
is: fMAX=(2 X 1t X tjilterX 2N)-1 where 
tjilteris the RMS aperture uncertainty 
and 2N is the desired 
SNR (signal-to-noise 
ratio) expressed 
in total number 
of 
quantization 
levels. 
A 
15-bit SNR, 
therefore, 
would 
be 
expressed 
as 215 or 32768. 
Using 
the typical 
PCM1750 
aperture jitter of 5Opsrm,and an SNR at the 15-bit level, fMAJ( 
= (2 X 1t X 50ps X 32768)-1 or 97.lkHz. 
This matches very 


closely with the rated dynamic 
accuracy 
of the PCMI750 
where THD+N = -88dB 
max. This means the typical aper- 
ture jitter of PCM 1750 only becomes 
a factor when input 
signals to it exceed 97kHz and/or an SNR greater than 15 
bits is desired. 


Input Bandwidth 
The full power bandwidth 
of the PCM1750 
is that input 
frequency 
above 
which 
significant 
distortion 
is observed 
(THD+N> 
IO-bits or --{)OdBfor a full scale input signal). In 
the data sheet, this number 
is specified 
as typically 
being 


500kHz. 
In wideband 
operation 
(when no digital 
filter is 


used) the additional full power bandwidth 
of the PCM 1750 
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can be used to purposely 
alias a band-limited 
signal down 
into the baseband 
of the converter. 
This technique 
is called 
undersampling 
and can be used to directly down-convert 
an 
intermediate 
frequency 
riding 
on a much 
higher 
carrier 
frequency. 


DIGITAL 
VO AND TIMING 


Input/Output 
Logic Compatibility 
Digital logic on the PCM 17S0 is CMOS compatible. 
Digital 
outputs on the PCM17S0 are capable of driving a minimum 
of two standard TTL input loads. 


Digital output coding is in binary two's complement. 
Table I 
gives the precise input/output 
voltage/code 
relationships 
for 
the PCMI7S0. 
Figure S shows these same relationships 
in a 
graphical format. 


Convert Command 
and External Clock Input 
A conversion 
is initiated on its positive 
going edge of the 
convert command. 
Although 
the convert command 
can re- 
turn low at any time (prior to SOns before the rising edge of 
the 19th clock), a typical convert command 
pulse width of 
81ns (as called out in Figure 3) is specified 
for a 192kHz 
sample 
rate (fs)' The reason 
for a pulse width spec is to 
reduce problems 
associated 
with digital logic feed through 
noise. The return of convert command to a logic low level in 
the specified 
time interferes 
least with the successive 
ap- 
proximation 
process. 
Also, it should be noted that putting 
fast logic edges «Sns) 
on convert command 
(PH) 
and the 
external clock input (P4) may cause logic feedthrough 
to the 
analog 
stages 
in the converter 
and will result 
in added 
distortion 
during 
the 
sampling 
and 
conversion 
process. 
Using the optional DF17S0 digital filter provides adequately 
slow transitions 
to maintain full specification 
performance. 
If necessary, 
an external RC, on the convert command 
line 
may be used to slow fast logic edges. 


As with the convert 
command, 
the external clock input is 
positive 
edge 
triggered 
and is not duty-cycle 
dependent 
other than to improve digital feed through noise immunity. A 
SO% duty cycle clock can be used instead of 33% if desired. 
Refer to Figure 
3 for recommended 
timing relationships. 
Regardless 
of what clock duty cycle is used, all operations 
relating to valid data clocking should be synchronized 
to the 
rising edge of the clock input. 


Although there is a maximum conversion 
time called out in 
the specification 
table, the PCM17S0 
can have a consider- 
ably longer conversion 
cycle. Droop of the internal capaci- 
tors 
will 
ultimately 
determine 
what 
the 
true 
maximum 
conversion 
time can be. The min/typ/max 
times shown in 
Figure 
3 are based on minimum 
sample rate of 48kHz, 
a 
typical of 192kHz, and a maximum 
of 222kHz. All specifi- 
cations 
are tested at 192kHz. 
The minimum 
sample 
rate 
assumption 
is based on clock periods that increase as time 
between 
convert 
commands 
increases. 
Any 
sample 
rate 
down to near DC can be utilized by observing 
maximum 
clock cycle requirements 
and spacing convert commands 
to 
achieve 
lower 
sanlple rales. This lueaus that the tlIne interval 
T2 shown in Figure 3 does not have a maximum value. 


Clock Lockout 
Any number of clocks can be given to the PCM17S0 beyond 
the 19 required for normal operation. 
If a continuous 
clock 
is used, all clocks 
beyond 
the 19th are gated off by the 
PCM17S0's 
internal logic until the next positive going edge 
of the convert command. 
The converter 
also goes into the 
sample (track) mode starting on the positive edge of the 19th 
clock until the next positive edge of the convert command, 
regardless 
of how many additional 
clocks are offered. The 
ideal operation 
of the converter 
stops the clock input after 
the 19th during this critical signal acquisition 
time. This is 
the timing shown in Figure 3 . The critical timing aspect that 
must be observed 
if a clock input other than the recom- 
mended 
is used, is that ample time following 
the positive 
edge of convert 
command 
proceed 
the next rising 
clock 
edge. If this time is shortened, 
the most important 
bit-I 
(MSB) decision, 
which is finalized 
on the fust clock edge 
after convert command, 
will be adversely affected. In other 
words, the clock input cannot have a rising edge during the 
time interval T3 shown in Figure 3. 


SIGNAL-TO-NOISE 
RATIO 
Another specification 
for AID converters 
is signal-to-noise 
ratio (SNR). For this measurement, 
a full-scale 
1kHz signal 
is applied and the sampling rate of the PCM17S0 
is set at 
192kHz. An FFT is performed 
on the digital output and the 
noise power in the non-harmonic 
audio-bandwidth 
frequency 
bins (20Hz to 24kHz) is summed and expressed 
in relation 
to the full-scale 
input signal. 


One advantage 
of using the PCM17S0 
in this oversampled 
mode with the optional DF17S0 digital decimation 
filter is 
that the converter noise is spread over the full OHz to 96kHz 
passband and then suppressed 
by the digital filter stopband 
attenuation 
(from 
24kHz 
to 96kHz). 
This effectively 
in- 
creases the SNR of the PCM17S0 by 6dB when it is used as 
an audio bandwidth 
converter. 
The other advantage 
is that~ 
the need for a higher-order 
anti-aliasing 
input filtering 
is~ 
greatly reduced. 


THD+ N 
The key specification 
for the PCM17S0 
is total harmonic 
distortion plus noise (THD+N). 
In terms of signal measure- 
ment, THD+N 
is the ratio of DistortionRMs + NoiseRMs / 
SignalRMs expressed 
in dB. For the PCM17S0, 
THD+N 
is 
100% tested at all three specified 
input levels using the 
production 
test setup shown in Figure 6. For this measure- 
ment, 
as with the SNR test, a full-scale 
1kHz signal 
is 
applied 
and the sampling 
rate of the PCM17S0 
is set at 
192kHz (which is 4X the standard digital audio sample rate 
of 48kHz). An FFT is performed 
on the digital output and 
the total power in all audio-bandwidth 
frequency bins (20Hz 
to 24kHz) is summed and expressed 
in relation to the full- 
scale input signal. 


For the audio band, the THD+N of the PCM17S0 
is essen- 
tially flat for all frequencies 
and input signal levels. In the 
Typical 
Performance 
Curves 
THD+N 
versus 
Frequency 
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plots are shown at four different input signal levels (with and 
without a 4X decimation 
filter): OdB, -20dB, 
-40dB, 
and - 
60dB. 


CHANNEL 
SEPARATION 


To test channel separation a 1kHz signal sampled at 192kHz 
is placed on one input of the PCMI750 
while the other input 
is held at OV. An FFf is performed on the idle (OV) channel 
and the result 
checked 
to insure 
that the 
IkHz 
tone 
is 


suppressed 
by a minimum 
of 96dB. 


GAIN AND OFFSET 
ERRORS 


Initial gain and bipolar offset errors are laser trimmed at the 
wafer level and 100% final tested to insure compliance 
with 
the electrical 
specifications. 
Bipolar 
offset 
errors 
can be 


further reduced to zero by using the optional offset adjust- 
ment circuitry shown in the connection 
diagram (Figure 7). 


Gain 
errors 
can be adjusted 
by varying 
VREF to either 


channel 
of the converter. 
This is accomplished 
by either 
using an adjustable 
external reference 
or by placing buffer 


amplifiers 
with 
adjustable 
gain 
between 
VREFoUT and 


VREFIN 
as shown in Figure 8a. 


INTEGRAL 
AND DIFFERENTIAL 
LINEARITY 


DC Linearity Testing 
The absolute linearity of the PCM1750 is on the order of 15 
bits or more as can be seen from the THD versus Frequency 
plots in the Typical Performance 
Curves. Not every code in 
the converter 
must be 15-bit linear to achieve the specified 
THD+N 
performance, 
but a very high percentage 
will be 
that linear. The same observation 
also applies to differential 
linearity errors in the PCM1750. 
Because the PCMI750 
is 


not 100% tested for DC linearity 
specifications, 
no mini- 
mum or maximum 
specifications 
are given for integral or 
differential 
linearity errors. 


No Missing Codes Operation 
A no missing 
codes 
specification 
is not 
given 
for the 
PCMI750 
for 
the 
same 
reasons 
as given 
above. 
The 
PCM1750, 
however, typically has fewer than 16 codes (less 


than 0.01 %) missing at a 14-bit resolution level. A 100% no 
missing codes specification 
cannot be maintained 
above the 


12-bit level, although this has very little impact on overall 
dynamic 
performance 
(THD+N). 
The few missing 
codes 


that do occur at higher resolution levels are at the bit-2 and 
lower major carry transitions 
of the converter. 
There 
are 


typically 
no missing codes (at 14 bits) around the critical 
bipolar zero operation zone (±1/8 of full scale range around 
bipolar zero or OV). The critical bipolar differential 
linearity 
error can be reduced from its initial value to zero using the 
optional MSB adjustment 
circuitry shown in the connection 
diagram 
(Figure 7). 


The gain drift of the PCM1750 
is primarily due to the drift 


associated 
with the reference. 
Better drift performance 
can 
be achieved 
using an external 
reference 
like the ones ex- 
plained 
in the applications 
section 
(Figures 
8b, 8c). The 


Typical 
Performance 
Curves 
plot of VREF Output 
versus 


Temperature 
shows the full range of operation 
including 


initial error and typical 
gain drift. Pertinent 
performance 


data are found in the electrical 
specification 
table. 


Reference 
Bypass 


Both PI8 
and P25 (VREFIN) 
should be bypassed 
with a 


10lJF to 47lJF tantalum 
capacitor. 
If there 
are important 


system reasons for using the PCMI750 
reference externally, 


the outputs of PI9 and P24 must be appropriately 
buffered, 


and bypassed 
(see Figure 8). 


f.= 192kHz 


Timing 
High 
Control 
Accuracy 
PCM1750 
Sine Wave 
Generator 
Low Pass - 


V1NL 
Filter - 


VtNR 


fIN = 1kHz 
I 
Serial Data Left 


1 


Serial Data Right 


111 


FTT 
Parametric 
Analyzer 
Tester 
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POWER 
SUPPLY 
REJECTION 


Because of the architecture 
of the PCM1750, 
power supply 


rejection varies with input signal size. The spec table value 
is expressed 
in the relative 
terms of percent 
of VIN per 


percent 
change 
of the 
supply 
voltage. 
The 
PSR 
versus 


Frequency 
plot in the Typical Performance Curves show 
PSR expressed 
versus an increase 
in power supply ripple 


frequency. 


PERFORMANCE 
OVER TEMPERATURE 


Specification 
Temperatures 
All 
critical 
specifications 
are tested 
at 25°C. 
The 
drift 


specification 
temperature 
range is from O°C to +70°C. The 


PCMl750 
will operate over the wider temperature 
range of 


-40°C 
to +85°C. 


Gain and Offset Drift 
Although 
the PCMl750 
is primarily 
meant for use in dy- 


namic applications, 
specifications 
are also given for more 


traditional DC drift parameters 
such as temperature 
gain and 
offset drift. The primary cause of drift in the PCMl750 
is the 


bandgap reference. Much lower gain drift can be realized if 
necessary by using any circuit similar to the external refer- 
ence circuits shown in Figure 8. Also, refer to the Typical 
Performance Curves of VREF Output versus Temperature. 


-VA 
Offset Adj Left 


+VA 
MSB Adj Left 


sour Left 
V1N 
Left 


Ext Clk In 
Ref In Left 


+Yo 
RetOul 
Left 


+Vo 
ACOM 


+Yo 
RetCom 


DCOM 
Ref Bypass 


ACOM 
ACOM 


DCOM 
Ref Out Right 


Convert 
Ref In Right 


sour Right 
V1N 
Right 


Dynamic 
Performance 


Dynamic performance 
is predominated 
by the absolute lin- 
earity 
of the PCM1750. 
Because 
of the excellent 
ratio 


tracking versus temperature 
of poly-poly capacitors, 
there is 


virtually no change in dynamic performance 
of the converter 
over temperature 
(primarily THD+N). The dynamic specifi- 
cations over temperature 
cannot be guaranteed, 
however, as 


they are not 100% tested. 


ANTI-ALIASING 
FILTER 


To prevent unwanted 
input signals from being aliased into 


the passband of the converter, 
it is necessary 
to suppress all 


out of band signals above 1/2 the sampling frequency of the 
ADC by using a low-pass filter. The requirement 
for an anti- 
aliasing filter, however, can be reduced by using oversampling 
techniques. 
By raising the sample rate of the converter by a 


factor of 2 or even 4, the roll off of the anti-aliasing 
filter can 
be reduced. 
In Figure 
9, a 6th order, 
linear-phase, 
anti- 
aliasing filter is implemented 
using low-cost dual audio op 
amps. This filter will suppress frequencies 
above 96kHz by 


80dB. For many applications 
a 4th or 2nd order anti-aliasing 


filter will be adequate 
when using the PCMl750 
in the 4x 
oversampling 
mode. 


r----------------------------j 
l 
Optional External Adjust 


I:, 
150kn 


! 47kQ 
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INPUT SIGNAL 
CONDITIONING 


RC Input Circuit 


Note 
the 
Ison 
resistors 
and 220pF 
capacitors 
on each 


analog input as shown in the connection diagram (Figure 7). 
This input circuit configuration 
is required to achieve opti- 
mum SNR performance 
of the PCM17SO. 
Various 
other 


component 
values 
will yield satisfactory 
results, 
but the 


resistor should never exceed 200n. 


ButTer Amplifier 


To avoid introducing distortion, the PCMI7S0 
input must be 


driven by a low active impedance 
source (op amps such as 


the NESS32, Burr-Brown 
OPA2604, or equivalent are ideal). 


EXTERNAL 
ADJUSTMENTS 


The simplified 
circuit diagram (see Figure I) shows one of 
two complete channels on the PCM l7S0. The input switched 
capacitors, 
trim DAC and comparator 
are detailed. The trim 
DAC switches are activated whenever the corresponding 
bit 
is chosen during the successive 
approximation 
routine. The 


first 
12 bits of the ADC 
have corresponding 
trim DAC 
circuits. The RIa to R l2a and RIb to R 12b resistors can be 
laser trimmed 
at the wafer level if necessary 
to correct for 
any nonlinearities. 
The nominal 
voltage for the internally 
generated 
VREF is 2.7SV and it is a relatively 
low imped- 


ance, buffered voltage output. 
It should be noted that just 
the act of connecting 
the optional 
adjustment 
circuits will 


affect the MSB DLEs and bipolar offsets since it is unlikely 
that the 
initial 
potentiometer 
settings 
(even 
if centered) 
would match the factory 
trimmed 
null potentials. 
If con- 


nected, the potentiometers 
must be properly adjusted. 


.".. 


+5V 
+5V 


50~~ 
~50~ 


-5V 
-5V 


FIGURE 
8a. Circuit for External 
Gain Adjustment 
Using the 


Internal Reference. 


MSB Adjust 
The MSB adjust pin connects to the center of the Rla/Rlb 
resistive divider for bit-I. After laser trimming 
this point is 


nominally 
lOOmV. All the MSB 
and offset 
adjust 
pins 
should be connected 
to ground 
using a 0.011JF capacitor, 


especially 
if traces to the potentiometers 
are long. If the 
adjust pins are not used, they should still be bypassed 
to 
ground. 


Since there are internal SkQ resistors 
and clamp diodes to 


both ground and +SV on the MSB and offset adjust pins, 
there are obvious limits to their range of adjustment. 
With a 


nominal 
internal voltage on these points of +IOOmV, there 
will be a greater limitation 
in making negative adjustments 


than positive. 
A negative 
voltage at either adjustment 
pin, 


however, is acceptable 
up to one diode drop (-D.6V) below 


ground. 


The preferred method of MSB DLE adjustment 
is to input a 
small level signal and adjust for minimum 
THD+N. 


Offset Adjust 
The offset adjust 
switch 
(SOFF) position 
is controlled 
by 
whether the ADC is in the sample or hold mode. Switching 
from sample to hold effectively 
allows any charge offsets 


associated 
with 
the 
sampling 
process 
to be eliminated. 


Grounding 
the input to the converter as far ahead of the AID 


as possible (in front of the anti-aliasing 
filter for example) 


and then adjusting 
the bipolar 
zero error will remove 
the 
offsets associated with the entire sampling system. 


LAYOUT 
CONSIDERATIONS 


Power Requirements 
Noise 
on the power 
supply 
lines can degrade 
converter 


performance, 
especially 
noise and spikes from a switching 


power supply. Appropriate 
supplies or fLlters must be used. 


Although 
the PCM17SO 
positive 
supplies 
have 
separate 


digital 
and analog 
+SV, for most 
applications 
the +SV 


digital supply pins should be connected 
to the +SV analog 
supply. If they aren't connected together, a potentiallatchup 
condition can occur when the power supplies are not turned 
on at the same time. If one supply pin is powered 
and the 
other is not, the PCM17SO may latch up and draw excessive 
current. In normal operation, 
this is not a problem because 


both +V A and +Vo should be connected 
together. However, 


during evaluation, 
incoming 
inspection, 
repair, etc., where 


the potential of a "hot" socket exists, care should be taken to 
power the PCMI7S0 
only after it has been socketed. 


All supplies should be bypassed 
as shown in Figure 7. The 


bypass capacitors 
should placed as close to their respective 
supply pins as possible. Additional 
.011JF capacitors may be 


placed in parallel with the larger value capacitors to increase 
high-frequency 
rejection, but generally they are not required 
when high quality tantalums 
are used. The 0.11JF capacitor 
between P21 and P22 should be a low leakage type (such as 
ceramic) and must be put as close to these pins as possible 
to reduce noise pickup. 
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FIGURE 
8b. External 
Reference 
Circuit 
Using 
Standard 
FIGURE 
8c. Low Noise, 
Low 
Drift External 
Reference 
~ 


2.5V Reference. 
Circuit. 
CJ 
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The PCM1750 
is sensitive 
to supply voltages 
outside 
the 
absolute maximum ratings shown in the specification 
tables. 


Do not exceed -8V on the negative supplies at any time or 
irreversible 
damage 
may occur. Note the IOn resistors 
in 
series with each -5V supply line (shown in Figure-7) 
to help 
protect the part from severe damage if the supplies are over- 
ranged momentarily. 


Grounding 
Requirements 
Because of the high resolution and linearity of the PCM1750, 
system design problems 
such as ground path resistance and 


contact resistance 
become very important. 


The ACOM and DCOM pins are separated internally on the 
PCM1750. 
To eliminate 
unwanted 
ground 
loops, all com- 


mons (both analog and digital) should be connected 
to the 
same low-impedance 
ground plane. This should be an ana- 
log ground plane separate from other high-frequency 
digital 


ground planes on the same board. If the analog and digital 
commons of the PCM 1750 are connected to different ground 
planes, care should be taken to keep them within 0.6V of 
each other to insure proper operation 
of the converter. 


A ground plane is usually the best solution for preserving 
dynamic 
performance 
and 
reducing 
noise 
coupling 
into 
sensitive 
converter 
circuits. Where any compromises 
must 


be made, 
the common 
return 
of the analog 
input signals 


should be referenced 
to the ACOM pins. This will prevent 


voltage drops in the power supply returns from appearing in 
series with the input signal. 


Coupling 
between analog input and digital lines should be 


minimized 
by careful layout. For instance, if the lines must 


cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected 
to common. 


If external MSB and offset adjust potentiometers 
are used, 


the potentiometers 
and related resistors should be located as 
close to the PCM1750 
as possible. 


Minimizing 
"Glitches" 
Coupling 
of external 
transients 
into an analog-to-digital 


converter can cause errors which are difficult to debug. Care 
should be taken to avoid glitches during critical times in the 
sampling 
and conversion 
process. Since the PCM1750 
has 


an internal sample/hold 
function, the signal that switches it 


into the HOLD state (CONVERT 
going HIGH) is critical, as 


it would be on any sample/hold 
amplifier. The CONVERT 
rising edge should have minimal ringing, especially 
during 


the 20ns after it rises. 


USING A DIGITAL 
FILTER 


A 4x decimation 
filter is available for the PCM 1750 called 


the DF1750. It is available in a 28-pin DIP or a 40-pin SOlC 
package. The use of this filter greatly eases the implementa- 
tion of the PCM1750 
in audio band applications. 
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USING AN EXTERNAL 
REFERENCE 


Normally 
VREFoUT is connected 
directly to VREF1N• The 
typical value for VREF versus Temperature 
is shown in the 
Typical Performance 
Curves. If better drift or power supply 
rejection 
performance 
is desired, one of the external refer- 


ence circuits shown in Figures 8b and 8c can be used. Note 
that the decoupling capacitors are still connected to VREFIN• 
External 
gain 
adjustment 
is now 
possible 
by using 
the 
variable output options available on some precision voltage 
references 
or by varying the gain on external buffer ampli- 


fiers. The range of acceptable 
external 
references 
is from 
+2.0V 
to +V A 
- 
2.0V, 
with 2.5V types 
being 
the most 


commonly 
available. 
Full scale input voltage range will be 


±VREFIN 
(a +2.5V VREF1N results in a ±2.5V input range). 


If an external 
reference 
is used, 
PI9 
and P24 
must be 


bypassed 
with at least 1j.lF capacitors. 


SAMPLING 
AID SYSTEM 


Figure 9 is a partial schematic 
of the demonstration 
fixture 


for the PCM1750 
(orderable by model number DEMI133). 
It shows the implementation 
of (1) a 6th order, linear-phase, 


anti-aliasing 
filter (22kHz 
low-pass); 
(2) the PCMI750P 


NO converter; 
and (3) a 4x digital decimation 
filter called 


the DF1750P. Not shown on this schematic, but included on 
the demo 
fixture, 
are latched 
parallel 
data 
outputs 
with 


strobe 
and a serial digital 
interface 
format 
(SPDIF) 
data 


transmitter. 
Also included on the DEM 1133 are user bread- 


board areas for application 
specific circuit implementation. 


CONNECTION 
TO DSP WITH DIGITAL FILTER 


The PCM 1750 and DF 1750 combination 
can be connected to 


the serial ports of most popular DSP processor ICs (such as 
those made by AT&T, Motorola, n, and AD) by adding a 
small amount of external glue logic. Figures 
10 and II show 


the timing diagram and schematic for this interface. 


To use this interface, the DSP processor IC must be configured 
for 32-bit word inputs. The glue logic generates a flag bit, as 
the first bit of the 32-bit word, that signifies either left or right 
channel data. The flag bit will be low for left channel data and 
high for right channel data. 


The DFI750 
can be configured 
for either 16- or 20-bit data, 


although only 16-bit data is shown in Figure 10. Afterthe data 
is transferred 
into the DSP processor 
IC, it must be shifted 
toward the LSB by one bit in order to compensate 
for a clock 


delay in the glue logic. 
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PCM1760P/U 


DF1760P/U 


DEMO 
BOARD 
AVAILABLE 


See Appendix 
A 


Multi-Bit Enhanced Noise Shaping 20-Bit 
ANALOG-TO-DIGITAL CONVERSION SYSTEM 


• 
DUAL 20-BIT 
MONOLITHIC 
MODULATOR 


(PCM1760) 
AND MONOLITHIC 
DECIMATING 
DIGITAL 
FILTER (DF1760) 


• 
HIGH PERFORMANCE: 
THD+N: 
-92dB 
typ, -90dB 
max 
Dynamic 
Range: 108dB typ 
SNR: 108dB min, 110dB typ 
Channel 
Separation: 
98dB typ, 94dB min 


• 
64X OVERSAMPLING 


• 
CO-PHASE 
CONVERSION 


• 
RUNS ON 256fs OR 384fs SYSTEM 
CLOCK 


• 
VERSATILE 
INTERFACE 
CAPABILITY: 


16-, 20-Bit Output 
MSB First or LSB First Format 


• 
OPTIONAL 
FUNCTIONS: 
Offset Error Calibration 
Overflow 
Detection 
Power 
Down Mode (DF1760) 


• 
RUNS ON ±5V SUPPLIES 
(PCM1760) 
AND 


5V SUPPLY 
(DF1760) 


• 
COMPACT 
28-PIN 
PACKAGES: 
28-Pin 
DIP and SOIC 


The PCM1760 
and DF1760 combine 
for a low-cost, 


high-performance 
dual 20-bit, 48kHz sampling 
ana- 
log-to-digital 
conversion 
system which is specifically 


designed for dynamic 
applications. 


The PCM1760/DFI760 
pair form a 4-bit, 4th order, 


64X oversampling 
analog-to-digital 
converter. 


The PCMl760 
is a delta-sigma 
modulator 
that uses a 


4-bit quantizer 
within the modulation 
loop to achieve 
very high dynamic range. 


The DF1760 is a high-performance 
decimating 
digital 


filter. The DFI760 
accepts 4-bit 64fs data from the 


PCM1760 
and decimates 
to 20-bit Ifs data. 


The FIR filter of the DFI760 
has pass-band 
ripple of 


less than ±O.OOldB and greater 
than 
IOOdB of the 
reject band attenuation. 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
I 
MAX 
UNITS 


RESOLUTION 
20 
I 
Bits 


ANALOG INPUT 


Inpol Range 
R'N1 _2.2kn 
±2.5 
Vp-p 
InpU1lmpedance 
R'N1 =2.2kl1 
R1N1 
11 


SAMPLING 
FREQUENCY 


Cover Range of Is 
Integrator 
Constants: 
Application(1) 
30 
48 
I 
50 
I 
kHz 


ACCURACY 


Gain Error 
±0.5 
±1.0 
dB 
Gain Mismatch 
±0.5 
dB 


Bipolar Zero Error 
VtN = 0 at 205 After Power-On 
±0.4 
% FSR(2) 


Gain Drift 
O·Cto +70·C 
±100 
ppmfs/"C 
Bipolar Zero Drift 
O·Cto +70·C 
±20 
ppmfs/"C 


DYNAMIC CHARACTERISTICSC') 


THD+N/(OdBFS) 
P, U 
fiN = 1kHz 
-92 
-90 
dB 
pol, U-L 
-90 
-ll8 
dB 
THD+NI(-2OdBFS) 
P, U 
fiN = 1kHz 
-76 
-70 
dB 
pol, U-L 
-76 
-70 
dB 
THD+N/(~OdBFS) 
P, U 
fiN = 1kHz 
-44 
-42 
dB 
pol, U-L 
-44 
-42 
dB 
Dynamic Range 
P, U 
fiN = 1kHz, V1N = -60dBFS, 
A Filter 
104 
108 
dB 
pol, U-L 
104 
108 
dB 
SNR 
P, U 
V'N = 0, A Filter 
108 
110 
dB 
pol, U-L 
106 
110 
dB 
Frequency 
Response 
fiN = 20kHz 
±0.1 
dB 
Channel Separation 
fIN = 1kHz, A Filter 
94 
98 
dB 


DIGITAL FILTER 


Over Sample 
Rate 
64 
fs 
Ripple in Band 
o - 0.04535fs 
±O.0001 
dB 
Stopband 
Attenuation -1 
0.5465fs - 63.45351s 
-94 
dB 
Stopband 
Attenuation 
-2 
0.5465fs - 3.4535fs 
-100 
dB 


LOGIC INPLITS AND OLlTPLlTS 


Logic Family Input 
TIL 
Level Compatible 
CMOS 
Frequency (System Clock 1) 
256fs 
12.288 
MHz 
Frequency (System Clock 2) 
384fs 
18.432 
MHz 
Duty Cycle (System Clock 1) 
256fs 
40 
50 
60 
% 


Duty Cycle (System Clock 2) 
384fs 
45 
50 
55 
% 


Data Clock Input 
32 
48 
64 
fs 
Logic Family Output 
CMOS 
Data Clock Output 
64 
fs 


Data Coding 
Two's Complement 
Data Bit Length 
16 
I 
20 
I 
Bits 


Data Format 
I 


Selectable 
I 
Output Data Delay 
fs = 48kHz 
1.5 
ms 


POWER SUPPLY REQUIREMENTS 


Supply Voltage 


±Vce 
PCM1760 
±4.75 
±5.0 
±5.25 
V 
±V•• 
PCM1760 
±4.75 
±5.0 
±5.25 
V 
+Voo 
DFI760 
4.75 
5.0 
5.25 
V 
Suppiy Current 
+Ice 
PCM1760 
24 
36 
mA 
-Ice 
PCM1760 
-M 
-45 
mA 
+1•• 
PCM1760 
12 
18 
mA 
-100 
PCM1760 
-8 
-12 
mA 
+100-1 
DF1760, Normal Mode 
40 
55 
mA 
+100-2 
DF1760, Power-Down 
Mode 
4 
6.6 
mA 
Power Consumption 
PCM1760 
370 
500 
mW 
DF1760, Normal Mode 
200 
275 
mW 
DF1760, Power-Down 
Mode 
20 
33 
mW 


TEMPERATURE 
RANGE 


Operating 
PCM1760IDF1760 
0 
+25 
+70 
·C 
Storage 
PCM1760/DFI760 
-50 
+125 
·C 


NOTES: 
(1) Integrator Constants 
are determined 
by the external components 
shown in the block diagram. 
(2) FSR means Full Scale Range, 
digital output code is from 
90000H to 70000H, FSR = 5.0V. (3) Use 2Q-bit DAC, 20kHz LPF, 400Hz HPF, average response. (4) Average response using a 20-b~ reconstruction 
DAC w~h 20kHz 
low-pass 
filter and 400Hz 
high·pass 
filter. 


BURR-BROWNiII 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
IE:lE:lI 


Supply Voltage 
±6V 
Vonage Mismatch 
O.W 
Analog Input., 
±Vcc 


Digital Input 
_ 
_ 
n._ ,_ 
+V DO +O.3V 
GND-o.3V 


Power DissipationIP 
.. 580mW 
Power DissipationiU 
550mW 
Lead Temperature/P 
(soldering, 105) 
260'C 
Lead TemperatureIU 
(soldering, 
105) 
235'C 
Operating 
Temperature 
aoc to +70°C 
Storage Temperature.. 
. 
-500C to +125°C 


MODEL 
PACKAGE 
THO +N (fs) 
SNR 


PCM1760P 
PDIP 
-9OdB 
106dB 
PCM1760U 
SOIC 
-9OdB 
106dB 
PCM1760P-L 
PDIP 
-88dB 
106dB 
PCM1760U-L 
SOIC 
-88dB 
106dB 
DF1760P 
PDIP 
NA 
NA 
DF1760U 
SOIC 
NA 
NA 


Supply Voltage 
7.0V 
Voltage Mismatch 
0.1V 
Digital Input .. 
. 
+Voo+O.5V 
Vss -o.5V 
Input Current 
±20mA 
Power DissipationfP.. 
. 
460mW 


Power DissipationIU 
440mW 
Lead Temperature/P 
(soldering, 
105) 
260'C 
Lead Temperature/U 
(soldering, 
10s, reflow).. 
. 
. . 235°C 
Operating 
Temperature 
. 
O°C to +70°c 


Storage Temperature 
-50"C 
to +125°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


PCM1760P 
28-Pin PDIP 
800 
PGM1760U 
28-Pin SOIC 
804 
PCM1760P-L 
28-Pin PDIP 
800 
PGM1760U-L 
28-Pin SOIG 
804 


DF1760P 
28-Pin PDIP 
801 
DF1760U 
28-Pin SOIC 
805 


NAME 


Out-2R 
In-2R 
Out-1R 
In-1R 
SERVO DC 
+Vcc 
AGND 
-Vcc 
BGDG 
NC 
In-1L 
Out-1L 
In-2L 
Out-2L 
NC 
BPODC-L 
URCK 
Strobe 
2561s 
-Voo 
DGND 
+Voo 
Do 
D, 
D, 
D, 


BPODC-R 
NC 


DESCRIPTION 


Right Channel 
Second 
Integrator 
Output 


Right Channel 
Second 
Integrator 
Input 
Right Channel 
First Integrator 
Output 
Right Channel 
First Integrator 
Input 


Servo Amp Oecoupling 
Capacitor 


+5V Analog Supply Voltage 
Analog Common 
-5V Analog Supply Voltage 
Band Gap Reference 
Decoupling 
Capacitor 
No Connection 
Left Channel 
First Integrator 
Input 


Left Channel 
First Integrator 
Output 
Left Channel 
Second 
Integrator 
Input 


Left Channel Second Integrator Output 
No Connection 
Left Channel 
Bipolar Offset Oecoupling 
Capacitor 
LR Clock Output (641s) 
Data Strobe Output (1281s) 
25615 Clock Input 
-5V Digital Supply Voltage 
Digital Common 
+5V Digital Supply Voltage 
Do Data Output (LSB) 
D, Data Output 
O2 Data Output 
D, Data Output (MSB) 
Right Channel 
Bipolar Offset Decoupling 
Capacitor 


No Connection 


Tho informQtion provided 
herein 
is believed 
to be reliable: 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are Subject 
to change 
without notice. No patent 
rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not 
authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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PIN ASSIGNMENTS 
DF1760 


Top View 
SOICIDIP 


OVL 
28 
Vss, 


OVR 


D, 


D, 


D, 


Do 


TPI 


DF1760 
VSS1 


VOO1 


2561s 


Strobe 


LRCK 


CALD 


CAL 
14 
15 
SYSCLK 


PIN 
VOl') 
NAME 
DESCRIPTION 


1 
0 
OVL 
Lett Channel Overflow Output (Active High) 


2 
0 
OVR 
Right Channel Overflow Output (Active High) 
3 
I 
D, 
D3 Data Input (MSB) 


4 
J 
D, 
D2 Data Input 
5 
I 
D, 
D1 Data Input 
6 
I 
Do 
DO Data Input (LSB) 
7 
- 
TPI 
Test Pin (No Connection) 


8 
- 
VSS1 
Common 
Channel 
1 
9 
- 
VOO1 
+5V Channell 
10 
0 
2561s 
2561s Clock Output 
11 
I 
Strobe 
Data Strobe Clock Input (1281s) 


12 
I 
LRCK 
LR Clock Input 
13 
It 
CALD 
Calibration 
Function Enable 
(Active Low) 


14 
0 
CAL 
Calibration 
Output (High During Calibration) 


15 
I 
SYSCLK 
System Clock Input (2561s or 3841s) 


16 
ItlO 
SCLK 
Data Clock 
17 
ItlO 
UR 
LR Channel Phase Clock 
18 
0 
SDATA 
Serial Data Output (l1s) 


19 
ItIO 
FSYNC 
Frame Clock (21s) 


20 
It 
LRSC 
Phase Control 01LR Channel Phase Clock 
21 
It 
IPD 
Power Down Mode Enable Input (Active Low) 
22 
It 
Mode2 
Output Format Selection 
Input 2 
23 
It 
Model 
Output Format Selection 
Input 1 
24 
tt 
SIM 
Slave!Master 
Mode Selection Input (High Makes 


Slave Mode 


25 
It 
CLKSEL 
System Clock Selection Input (High Makes 2561s) 


26 
- 
TP2 
Test Pin (No Connection) 
27 
- 
VOD2 
+5V Channel 2 


28 
- 
Vss> 
Common 
Channel 
2 


--------------------------------------------------------- 
, 
' 
, 
, 
, 
, 


g3 : 
Input 
1116 
Boost 
: 


2 
Decimation 
I 
0, 
LAT 
Filter 
Filter 
: 
~ 
' 
Strobe 
: 


LRCK 
: CALD 


CAL 


MalO 
Timing 
Control 
r=l 


---------------------------~- 
SYSCLK 
CLKSEL 


IPD 


S/M 
MODEl 
MODE 2 


LRSC 
FSYNC 
UR 
SCLK 
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CD 
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External Components Condition 


R1N1RlL 
C,. C2 RlL 
RT1RlL 
R1N2R1L 
2.2kQ 
2200pF 
4700 
1.3kQ 


C3, C. RlL 
RT2 RlL 
Rz1 RlL 
1800pF 
5600 
1.2kQ 


BURR-BROWN_ 
•••••••••••• 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 
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15= 48.000000kHz 
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BPO DCR ~~ 
2.2k!l 
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3 D, 


RCHln % 
4 ~~~-~R 
D, 
25 
4 
°2 24 
D, 
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Servo DC 
°1 23 
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+Vcc 
Do 22 
8 Do 


+Voo 
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11 ~~~s 
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FUNCTIONS OF 
THE DIGITAL FILTER 


SYSTEM 
CLOCK 


The DFI760 
can accept a system clock of either 256fs or 


384fs. If a 384fs system clock is used, the DF1760 divides 
by 2/3 to create the 256fs system clock required 
for the 
PCM1760. 
The system clock is applied to pin 15 (SYSCLK 


input). The actual clock selection is done by setting pin 25 
(CLKSEL 
input) "high" 
for 256fs clock and "LOW" 
for 


384fs clock. 


The detailed 
timing requirements 
for the system clock are 
shown in Figure 3c. 


CLKSEL 


H 
L 


SYSCLK 


2561s 
384fs 


MASTER/SLAVE 
MODE 


The DFI760 
can be used in both the master mode and slave 
mode. In the master mode, the DF1760 
outputs L/R (left/ 
right channel phase clock), SCLK (data clock) and FSYNC 
(frame clock 2fs) signals. In the slave mode, the DF1760 
accepts L/R, SCLK and FSYNC signals. The mode selection 
is done by taking pin 24 (S/M INPUT) 
"HIGH" 
for slave 
mode and "LOW" 
for master mode. 


MODE 


Slave 
Master 


The serial output data has four possible formats. The selec- 
tion of the formats can be done by the Mode I and Mode 2 
inputs. 


MODEl 
MODE 2 
FORMATS 


H 
H 
MSB First. 16 Bits. Falling Edge 
L 
H 
MSB First. 20 Bits. Falling Edge 
H 
L 
MSB First. 20 Bits, Aising Edge 
L 
L 
LSB First, 20 Bits, Falling Edge 


LR CHANNEL 
PHASE CLOCK 


The status of the LR channel phase clock can be set by the 
LRSC input. 


LRSC 
lJR CLOCK AND CHANNEL 


H 
J 
H = LCH, 
I 
L= ACH I 


L 
l 
L= LCH, 
I 
H = ACH L 


When a near-to-clipping 
input condition 
is detected, 
OVL 


output (Pin I), or OVR output (Pin 2), becomes "HIGH" for 
a duration of 4096/fs 
(about 85ms) depending 
upon on the 
channel detected. 


The 
OYL 
and 
OYR 
output 
return 
to 
"LOW" 
after 
4096/fs duration 
automatically. 


The offset error is calibrated by storing the digital data when 
the input is zero in registers 
and subtracting 
it from the 
future data with actual signal input. 


CALD 


H 
L 


To enable the calibration mode, set the CALD input (Pin 13) 
"LOW". 
The calibration 
mode is disabled 
by setting the 


CALD 
input (Pin 
13) "HIGH". 
The calibration 
cycle 
is 


initiated by setting the /PD input (Pin 21) "LOW" 
for more 


than 2 system clock periods 
and then setting 
it "HIGH". 


During 
the calibration 
cycle, 
the 
CAL 
output 
(Pin 
14) 


becomes 
"HIGH", 
all the serial data is forced to "LOW", 
and the L/R (Pin 17), SCLK (Pin 16) and FSYNC (Pin 19) 
pins become 
input terminals 
after the completion 
of the 


calibration 
cycle. The CAL output is "LOW". 


POWER DOWN MODE/RESET 


The /PD input (Pin 21) has two functions. First, it should be 
set at "HIGH" after application 
or restoration of power (V 55 
and/or VDO) to accomplish 
the power-on/mode 
reset func- 
tion. The detail timing requirements 
for this function 
are 
shown in Figure 3f. Second, 
the DFI760 
is placed in the 
power down mode by setting the /PD input (Pin 21) "LOW". 
Set the /PD input (Pin 21) "HIGH" 
for normal 
operation 
mode. 


The power dissipation 
of the DFI760 
in the power down 
mode is about 1/10 of the normal operation 
mode. During 


the power down mode, the L/R, SCLK, and FSYNC 
pins 


become input pins and all the serial data is forced "LOW". 
The 256fs output is enabled even in the power down mode. 


The detailed timing of the power down mode operation and 
the offset calibration 
is shown in Figure 3b, 


-Detect 
Level ----------------------- 


TOR- 
TOF:--: 


DESCRIPTION 
NAME 
MIN 
TYP 
MAX 
UNITS 


Delay from Overflow Detection 
to OVL (OVR) Output 
TOR 
ns 


OVL (OVA) Output Pulse Width 
TOO' 
4096 
1/fs 


FIGURE 3a. DFI760 
Overflow Detection. 
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___ 
T 


pow 


IPD~ 


IT PCF 
T 
_I 
, 


CAL =-.J 
\ 
- -TpSF 
TCSV,---r- 
SDATA 
, 


DESCRIPTION 
NAME 
MIN 
TYP 
MAX 
UNITS 


Pulse Width of IPD Input 
T,.,.. 
2 
- 
- 
l/Fclk 


Delay from IPD Input to 
CAL Output 
TPCR 
- 
- 
6 
1/Fclk 


Calibration Cycle Duration 
T"", 
- 
4096 
- 
1/fs 


Delay from !PO Input to SOATA L 
T..." 
- 
- 
6 
l/Fclk 


Delay from Completion of 
Calibration to SDATA Valid 
Tcsv 
- 
1 
- 
l/fs 


, 


TClKH TcUQ 
Jff\f 
1.4V 
O.BV-- -- 
TLH 
THL 


SYSTEM CLOCK: 
2561. 


DESCRIPTION 
NAME 
MIN 
TYP 
MAX 
UNITS 


Low Level Duration 
TCLKl 
31 
ns 


High Level Duration 
T""", 
31 
- 
- 
ns 


SYSTEM 
CLOCK: 
3841. 


DESCRIPTION 
NAME 
MIN 
TYP 
MAX 
UNITS 


Low Level Duration 
TCU<l 
24 
- 
- 
ns 


High Level Duration 
Tc,," 
24 
- 
- 
ns 


Rise Time 
Tu< 
- 
- 
6 
ns 


Fall Time 
T••. 
- 
- 
6 
ns 


SDATA 


UR~- 


FSYNC 
T5;-1 /- 
-~ 


, 
, 
" 
- 


DESCRIPTION 
NAME 
MIN 
TYP 
MAX 
UNITS 


SCLK Frequency 
F", 
64fs 


SCLK Frequency Duty Cycle 
50 
% 


FSYNC Frequency 
F,m: 
2fs 


FSYNC Frequency Duty Cycle 
50 
% 


Delay from SCLK to UR Edge 
T•.• 
-20 
50 
ns 


Delay from Falling Edge of 
SCLK to SDATA Valid 
Toss 
50 
os 


Delay from SCLK to FSYNC 


Edge 
T" 
-20 
50 
ns 


Delay from Rising Edge of 
SCLK to SDATA Valid 
TSOA 
100 
ns 


Delay from SDATA Valid to 


Rising Edge of SCLK 
Tosv 
100 
ns 


TSlR- 
--- 
TSOR 


UR ========~ 
_ 


TSF- 
- 


FSYNC 
1 


DESCRIPTION 
NAME 
MIN 
TYP 
MAX 
UNITS 


SCLK Frequency 
F"" 
32fs 
4Bfs 
64fs 


Low Duration of FSCLK 
T""L 
100 
ns 


High Duration of FSCLK 
TSU<H 
100 
ns 


Delay from SCLK to UR Edge 
T,", 
-70 
70 
ns 


Delay from Falling Edge of 
SCLK to SDATA Valid 
Toss 
50 
ns 


Delay from SCLK to FSYNC 


Edge 
T" 
-70 
ns 


Delay from Rising Edge of 
SCLK to SDATA Valid 
Tosv 
100 
ns 


Delay from SDATA Valid to 


Rising Edge of SCLK 
TSOR 
100 
ns 


APPLIES TO 


DESCRIPTION 
NAME 
MIN 
TYP 
MAX 
UNITS'" 
MODE 


Power on to PO i 
T"", 
l/fs 
Master/Slave 


PDitoURi 
T" 
-1 
+1 
lIFclk 
Slave 
(LRSe = "H") 


PDiloUR~ 
T" 
-1 
+1 
lIFclk 
Slave 
(LRSe = "L") 


iU~;i~ 
------- 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


A block diagram of a typical 
I-bit delta-sigma 
modulator is 
shown in Figure 4. 


In Figure 4, the quantizer consists of a single bit which has 
two possible 
states, either "0" or "I". 
The input signal is 
sampled 
at a much 
higher 
sample 
rate than the nyquist 
sampling 
frequency. 
The quantizer 
output 
data stream is 
digitally 
filtered 
for higher 
resolution 
nyquist 
data. The 
theoretical SNR is determined by the number of the order of 
the integrator 
and the oversampling 
rate. 


There is a practical limit to increasing the numbers of order 
of the integrator due to an inherent oscillation 
in the modu- 
lator. There is also a limit to increasing 
the sample rate due 
to the increase in jitter sensitivity associated with high clock 
frequencies. 


The PCM1760 
utilizes 
a four-bit 
quantizer 
instead of the 
conventional 
one-bit method. The quantizing noise of a four- 
bit quantizer 
is 1/16 of the one-bit version. Using the four- 
bit quantizer allows for a lesser order number of the integra- 
tor and a lower oversampling 
rate to achieve similar perfor- 
mance to that of a more complex one-bit system. 


A block diagram 
of the PCM1760 
modulator 
is shown in 
Figure 
6. The PCM 1760 is a fourth-order 
integrator 
that 
samples 
at 64x oversampling, 
and samples 
left and right 
channel input signal simultaneously. 


UUlUU J,Hl(;!, i:UIUUlt;ll uel:UnaleS 
[0 tIS Lv-on 
oala 
USing a 4X 
oversampling 
filter. 


The PCMI760 
and DFI760 
combination 
achieves 
a dy- 
namic range of 108dB and SNR of llOdB 
even with a 
single-ended 
input. 


Analog 
Common 


+sv 


FIGURE 
7. Recommended 
Power Supply Connection 
and 
Decoupling. 


LAYOUT 
PRECAUTIONS 


Analog common and digital common of the PCMI760 
are 
not connected 
internally. 
These 
should 
be connected 
to- 
gether with the common of the DFI760 
as close to the unit 
as possible, 
preferably 
to a large ground 
plane under the 
PCM1760. 


The use of a separate +5V supply is recommended 
for the 
PCM1760 
and DF1760, and to connect the common at one 
point as described above. Low impedance analog and digital 
commons 
returns are essential for better performance. 


The power supplies should be bypassed 
with tantalum 
ca- 
pacitors 
as close as possible 
to the units. See Figure 7 for 
n:commended 
common 
connections 
and power 
supplies 
bypassing. 
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When the samplmg trequency 'IS) ISoerween '+V1UU 
lUlU JV •••.•U. 


and the l)R relative offset voltage (.1Vs) is less than or equal to 
0.05% of full scale range, the PCMI760 
may output a tone 


similar to an idle tone. This tone is very low and its frequency 
depends on the input L/R relative offset voltage, .1Vs. This 
tone never occurs when the sampling frequency (fs) is 32kHz. 


To avoid this tone, the offset voltage 
should be summed 


using an amplifier, 
buffer, 
active low pass filter, etc., to 


cause 
the input 
L/R relative 
offset 
voltage 
(.1Vs) to be 


greater than 0.05% of full scale range. 


It is recommended 
that: 


(A) Sum offset at both L/R charmels 
Lch: VIL = -2OmV ±10% 
Rch: VIR = +IOmV ±10% 


(B) Sum offset at L charmel 
Lch: V1L= -3OmV ±IO% 
Rch: VIR = ±lmV 
(by a precircuit) 


When FSR = 5V (±2.5V). 


Figure 8 shows an application circuit for summing the offset 
at both L/R channels. 


Alternately, 
Figure 9 shows an application 
circuit for use 
when fs = 48kHz 
which changes 
the external 
integrator 
circuit of the PCM1760. 


MODULATOR 
COMPONENTS 
AND SAMPLING 
FREQUENCY 


The PCM1760/DF1760 
are capable to 30kHz to 50kHz fs 


sampling frequency 
by condition with external components 
value which are shown in Basic Connection 
Diagram. 


The characteristics 
of the modulator's 
integrator 
can be set 
by external components. 
The values in the block diagram on 
page 
five are recommended 
for optimized 
performance. 


Low leakage, low voltage coefficient 
capacitors 
are recom- 
mended for integration 
capacitors. 


The tolerance of external components should be better than ±2'7'0. 


FIGURE 
8. Application 
Example 
to Eliminate 
the Tone 


(offset voltage implementation 
for both chan- 
nels). 


OFFSET 
ERROR 
CALIBRATION 


The offset voltage of the PCMI760 
and the input stage of 


the system 
can be compensated 
by using the calibration 


mode of the DF1760. Offset calibration 
is shown in Figure 


10. An optional analog switch is driven by a CAL output of 
the DF1760. The PD input of the DFI760 
is used to initiate 


the calibration 
cycle. 


Ideal output digital code range for 20-bit resolution is from 
8000H (-Full 
Scale) to 7FFFFH 
(+Full Scale). 


The 
DF1760, 
combined 
with 
70000H 
(±FSR) 
of the 


PCM1760, 
produces 
a digital output code range at ±FSR~ 
input of 90000H (-FSR). 
•• 


The relationship 
between analog input and digital output is 


shown in Table 1. 


C, 
c, 
c, 
c, 


mJ 
~F 


AZ:, 


R1N1 
R1N2 


11 
12 
13 
14 


R1N1 = 2.2kn 
AT, =2.2kO 
C,. C,. C,. C, = 1200pF 
AT, =4700 
AZ, =4700 
CZ, = 220pF 
A,N2= 
1.3kO 
AZ, = 9100 


BURR-BROWNe 
1E3E31 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


ANALOG INPUT 
CONDITION 
DIGITAL OUTPUT 


+Z.55V 
+Max 
Input 
72000H 


+Z.50V to +Z.55V 
Overflow 
70000H to 7Z000H'" 


+Z.50V 
+FSR 
70000H 


OV 
BPZ (Ideal) 
OOOOOH'o 


-Z.50V 
-FSR 
90000H 


-Z.83V to -Z.85V 
Overflow 
8ZFFFH to 8Z000H'" 


-Z.85V 
-Max 
Input 
8Z000H 


NOTES: (1) Incase of BPZ Error = O. (Z) Overflow detection level is over 
70000H or under 8ZFFFH of digital output code. 


For Immediate Assistance, Contact YourLocal Salesperson 


POWER-ON 
RESET AND MODE RESET 


The 
timing 
requirements 
for POWER-ON 
RESET 
and 


MODE 
RESET 
are shown in Figure 
3f. The DF1760 
re- 
quires POWER-ON 
RESET 
when power is applied or re- 
stored. MODE RESET is required when any of the follow- 
ing has been changed: 
system 
clock, 
master/slave 
mode, 
output data format, L/R clock, calibration after POWER-ON 
in slave mode. 


This reset should be done by holding the /PD input (pin 21) 
low for more than 2/fs. Suggested reset circuits are given in 
Figures 
II, 
12 and 13. 


POWER 
SUPPLY 
SEQUENCING 


The PCM1760 requires ±Vcc and ±VDDPower supplies. To 
avoid any possibility of latch-up, the ±V cc and ±V DOpower 
should all be applied simultaneously 
or the +Vcc and +VDO 
applied first followed by -V cc and -V DO' 


CLOCK 
INPUT 


After power 
is applied 
to the DF1760, 
the system 
clock 
should be provided 
continuously. 
The DF1760 
employs 
a 
dynamic 
logic architecture. 


=> 
%o 
BPZ 


=>B- 
<3 


~ 
BPZ 
o 
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: 
15 


: 1588 
10kn 


47~F ~ 


_ 
------ 
--_._-_ 
. 


SDATA 


UR 


SCLK 


47~F ~ 


~-- - - -----.---------------- ------------- .-- _..: 
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IPD 


LRSC 


SDATA 


UR 


SCLK 


SIM 


IPD 


LRSC 


SDATA 


UR 


SCLK 


SDATA 


UR 


SCLK 


SDATA 


UR 


SCLK 


SDATA 


UR 


SCLK 


III 
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TIMING CHARACTERISTICS 


2561s 


0, 
Lch 
Rch 


0, 
Lch 
Rch 


0, 
Lch 
Rch 


Do 
Lch 
Rch 


LRCK -.J 


STROBE 


SCLK(I) 


FSYNC (I) 


SDATA(O) 
•.... 
IM..... 
I I•....I•....I~I~I~I~I~I~I~I~I~I~I~IL~IM~I ~I~I~I~I~I~I~I~I~I~I~I~I~I~IL~II 


BURR-BROW'Ne 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
I E:lE:II 


SCLK(1) 


FSYNC(1) 
-l 


I 
I 
I 


I 
I 
I 


, 
I 
I 


I 
I 
I 


111111111111111111111 


I 
I 


11111111111 


I 
I 


• MSB First 20-Blt (1) 


SDATA(O) 


111111111111111111111 
111111111111111111111 


I 
I 
I 


IIIIIIIIIIIIIIIIIIITI 


I 
I 


• MSB First 20-Bil (2) 


SDATA (0) 
I 
I 
I 


111111111111111111111 


I 
I 


11111111111111111 


I 
I 


111111111111111111111 


I 


11111111111 


I 
1 


111111111111111111111 


LlR(O) -l 


I 


SCLK (0) 
mMlJ1JlllIlllllJll1M1ll1fIJlllllJll.MIJ1JIIlIlllllJll1IJl11l1J11.MIJ1JIIlIlllllJll1M1ll1fIJlllllJll.MIJ1JIIlMlll1flJlllllJllm 


11111111111 
11111111-:--1!1I11111111111111111:- 


1 


--1:1111111111 
111111111 


I 
I 
I 
I 
I 
I 
I 


• MSB First 20 Bit (2) 
~_ 


FSYNC(O) 
--,---~---- 
I~--~ 
__ - 


SDATA(O) an 
~1I-11 
~III-III~II-III~II-il 
~III-III~II-III-il 
~1I1-11I~11 ~II~III~III-il 


.MSB 
First 16 Bit 
I 
I 
I 
I 
I 
I 


FSYNC(O) 
--'~ 
__ 
~I 
~ __ 
~I 
I~ __ 
~r- 


SDATA(O) 
m 
1111111111111111 
11111111111111111 
annr 


• LSB First 20 Bit 
I 
I 
I 
I 


FSYNC (0) --'~_~I 
~I_~I 
1 
1 


SDATA(O) an 
111111111111111111111 
111111111111111111111 
11111111111 


• MSB First 20 Bit (1) 


FSYNC (0) 


SDATA(O) 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1·800·548-6133 


Request Document 
Number 10619 


16-Bit Monolithic 
DIGITAL- TO-ANALOG 
CONVERTERS 


• 
PARALLEL 
INPUT FORMAT 


• 
16-BIT 
RESOLUTION 


• 
15-BIT 
MONOTONICITY 
(typ) 


• 
-92dB 
TOTAL 
HARMONIC 
DISTORTION 


(K Grade) 


• 
3JlS SETTLING 
TIME (Voltage 
Out) 


The PCMS4 
and PCMSS 
family 
of converters 
are 
parallel input, fully monotonic, 
16-bit digital-to-ana- 
log converters 
that are designed 
and specified 
for 
digital audio applications. 
These devices employ ul- 
tra-stable 
nichrome 
(NiCr) thin-film resistors to pro- 
vide monotonicity, 
low distortion, and low differential 
linearity 
error (especially 
around bipolar 
zero) over 
long 
periods 
of time 
and over 
the full 
operating 
temperature. 


These converters are completely 
self-contained 
with a 
stable, 
low noise, 
internal, 
zener voltage 
reference; 
high 
speed 
current 
switches; 
a resistor 
ladder 
network; and a fast settling, low noise output opera- 
tional amplifier 
all on a single monolithic 
chip. The 


• 
96dB 
DYNAMIC 
RANGE 


• 
±3V or ±1 mA AUDIO 
OUTPUT 


• 
OPERATES 
ON ±5V (PCM55) 
to ±12V 


(PCM54) 
SUPPLIES 


• 
28-PIN 
DIP (PCM54) 


• 
24-LEAD 
SOIC (PCM55) 


converters 
are operated using two power supplies that 
can range from ±SY (PCMSS) 
to ±12Y 
(PCMS4). 
Power dissipation 
with ±SY supplies is typically less 
than 200m W. Also included is a provision for exter- 
nal adjustment of the MSB error (differential 
linearity 
error at bipolar zero, PCMS4 only) to further improve 
THD specifications 
if desired. 


A current output (loUT) wiring option is provided. This 
output 
typically 
settles 
to within 
±O.OO6% of FSR 
fmal value in 3S0ns (in response to a full-scale change 
in the digital input code). 


The PCMS4 is packaged 
in 28-pin plastic DIP pack- 
age. The PCMSS is available in a 24-pin plastic mini- 
flatpak. 


Output 
Operational 
Amplifier 


BURR - BROWNi& 
IElElI 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


PCM54HP, 
PCM55HP 
PCM54JP, 
PCM55JP 
PCM54KP 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
Resolution 
16 
Bits 
Dynamic Range 
96 
dB 


Logic Levels (TIUCMOS 
Compatible): 


V,H 
+2.4 
+5.25 
V 


Vil 
0 
+0.8 
V 


I'H. V IN = +2.7V 
+40 
~ 


Ill' 
V1N :: +O.4V 
-{).5 
mA 


TRANSFER 
CHARACTERISTICS 
ACCURACY 
Gain Error 
12 
% 


Bipolar Zero Error 
±30 
mV 
Differential Linearity Error at Biploar Zero(1) 
±0.OO1 
% FSR(2) 


Noise (rms) (20Hz to 20kHz) at Bipolar Zero 
12 
ItV 


TOTAL 
HARMONIC 
DISTORTION") 


(16-Bit Resolution) 
Vo: 
±FS at f. 991 Hz 
-94 
-82 
-88 
-92 
dB 
Vo: 
-20dB 
at f = 991 Hz 
-74 
-68 
-80 
-74 
dB 
Vo: 
-60dB 
at f: 991 Hz 
""",,4 
-28 
-40 
-34 
dB 


MONOTONICITY 
15 
Bits 


SETILING 
TIME (to ±0.006% of FSR) 


Voltage Output: 6V Step 
3 
itS 


1LSB Step 
1 
itS 


Current Output (ImA 
Step): 10n to 100n Load 
350 
ns 
1kU Load") 
350 
ns 


Oegliteher Delay (THO Test)(') 
2.5 
4 
itS 


Slew Rate 
10 
VII'S 
Lt) 


WARM·UP 
TIME 
1 
Min 


~ 
ANALOG 
OUTPUT 


Voltage Output: Bipolar Range 
±3 
V 
Lt) 


Output Current 
12 
mA 
:= 
Output Impedance 
0.1 
n 
0 
Short-Circuit 
Duration 
Indefinite to Common 
D. 
Current Output:(6) 


Bipolar Range (±30%) 
±1 
mA 
Bipolar Output Impedance (±30%) 
1.2 
kU ID 


POWER SUPPLY 
REQUIREMENTS 


Voltage: +Vcc (PCM54) 
+4.75 
+12 
+15.75 
V 
-Vee (PCM54) 
-4.75 
-12 
-15.75 
V 
+Vcc (PCM55) 
+4.75 
+5 
+7.5 
V 


~ 


-Vcc 
(PCM55) 
-4.75 
-5 
-7.5 
V 
Supply Drain: +Vcc 
+13 
+20 
mA 
-Vcc 
-16 
-25 
mA 
I 


TEMPERATURE 
RANGE 
en 


Operating 
0 
+70 
'c 
to- 


Storage 
-55 
+100 
'C 
(J 


• Specifications 
same as for PCM54HP. 


NOTES: (1) Externally adjustable. If external adjustment is not used, connect a 0.01 ~F capacitor to Common to reduce noise pickup. (2) FSR means Full·Scale Range 
and is 6V for ±3V output. (3) The measurement 
of total harmonic distortion is highly dependent on the characteristics 
of the measurement 
circuit. Burr·Brown 
may 


calculate THD from the measured linearity errors using equation 2 in the section on "Total Harmonic Distortion," but specifies that the maximum THD measured with 
the circuit shown in Figure 2 will be less than the limits indicated. (4) Measured with an active clamp to provide a low impedance for approximately 
200ns. (5) Deglitcher 
or sample/hold 
delay used in THD measurement 
test circuit. See Figures 2 and 3. (6) Output amplifier disconnected. 


The information 
provided 
herein is believed to be reliable; 
however, 
BURR·BRQWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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16-Bit 
Ladder 
Resistor 
Network 


and 
Switches 


NOTES: (1) MSB error (BPZ differential 
linearity 
error) can be adjusted to zero 


using this external circuit. (2) Connect to bipolar operation (+Vcc 2: 8.5V for 
unipolar operation). (3) Connect for Vour operation. When VOUTamp is not being 
used (lOUT mode), terminate with an extemal3k!l 
feedback resistor between pin 
19 and pin 21. and a 1kn resistor between pin 21 and pin 22 to reduce possible 
noise effects. 


PIN 
PCM54-DIP 
PIN 
PCM54-DIP 


1 
Trim 
15 
Bit 13 


2 
Bit1 
(MSB) 
16 
Bit 14 


3 
Bit 2 
17 
Bit 15 


4 
NC 
18 
Bit 16 (LSB) 
5 
Bit 3 
19 
VOUT 


6 
Bit 4 
20 
RFa 
7 
Bit 5 
21 
SJ 


8 
Bit 6 
22 
Common 


9 
Bit 7 
23 
lOUT 
10 
Bit 8 
24 
NC 
11 
Bit 9 
25 
Ispo 


12 
Bit 10 
26 
+Vce 


13 
Bit11 
27 
MSBAdjust 
14 
Bit 12 
28 
-Vce 


PACKAGE 
DRAWING 
MDDEL 
PACKAGE 
NUMBER!') 


PCM54HP 
28-Pin DIP 
215 
PCM54JP 
28-Pin DIP 
215 
PCM54KP 
28-Pin DIP 
215 
PCM55HP 
24-Pin SOIC 
178 
PCM55JP 
24-Pin SOIC 
178 


16·Bit 


Ladder 
Resistor 


Network 
and 
Switches 


NOTES: (1) Connect for bipolar 
operation. 
(+Vcc2: 8.5V for unipolar operation). 
(2) Connect 
for V04JToperation. 
When VOUTamp is not being 
used (lour mode), 


terminate with an extemal3knfeedback 
resistor between pin 17 and pin 19, and 


a 1k!l resistor between pin 19 and pin 20 to reduce possible noise effects. 


PIN 
PCM55-SDIC 
PIN 
PCM55-SDIC 


1 
Bit1 
(MSB) 
13 
Bit 13 


2 
Bit 2 
14 
Bit 14 


3 
Bit 3 
15 
Bit 15 


4 
Bit4 
16 
Bit 16 


5 
Bit5 
17 
VOUT 
6 
Bit 6 
18 
Feedback 
Resistor 


7 
Bit 7 
19 
Summing 
Junction 


8 
Bit 8 
20 
Common 


9 
Bit9 
21 
Current Output 


10 
Bit10 
22 
Bipolar Offset 


11 
Bit 11 
23 
+Vee 


12 
Bit 12 
24 
-Vee 


DC Supply Voltage 
±18VDC 
Input Logic Voltage. 
. 
-'V 
to +5.5V 
Power Dissipation 
PCM54 8oomW, PCM55 400mW 
Storage 
Temperature 
-55°C 
to +1000C 


Lead Temperature, 
(soldering, 
105) 
+3Q()OC 


MDDEL 
THD atFS 
PACKAGE 


PCM54HP 
0.008 
28-pin DIP 
PCM54JP 
0.004 
28~pin DIP 
PCM54KP 
0.0025 
28-pin DIP 


PCM55HP 
0.008 
24-iead SOIC 
PCM55JP 
0.004 
24-lead SOIC 
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Serial Input 16-Bit Monolithic 
DIGITAL- TO-ANJ~LOG CONVERTER 


• 
SERIAL 
INPUT 


• 
-92dB 
MAX THD: FS Input, 
K Grade 


• 
-74dB 
MAX THD: -20dB 
Input, 
K Grade 


• 
96dB DYNAMIC 
RANGE 


• 
NO EXTERNAL 
COMPONENTS 
REQUIRED 


• 
16-BIT RESOLUTION 


• 
15-BIT MONOTONICITV, 
TYP 


.0.001% 
OF FSR TYP DIFFERENTIAL 
LINEARITY 
ERROR 


• 
1.5~ 
SETTLING 
TIME, TYP: Voltage 
Out 


• 
±3V OR ±1 mA AUDIO OUTPUT 


• 
EIAJ STC-007-COMPATIBLE 


• 
OPERATES 
ON ±5V TO ±12V SUPPLIES 


• 
PINOUT ALLOWS 
lOUT OPTION 


• 
PLASTIC 
DIP OR SOIC PACKAGE 


The PCM56 
is a state-of-the-art, 
fully 
monotonic, 
digital-to-analog 
converter 
that 
is designed 
and 
specified 
for digital audio applications. 
This device 
employs 
ultra-stable 
nichrome 
(NiCr) 
thin-film 
resistors to provide monotonicity, 
low distortion, 
and 
low 
differential 
linearity 
error 
(especially 
around 
bipolar zero) over long periods of time and over the 
full operating 
temperature. 


This converter 
is completely 
self-contained 
with a 
stable, 
low noise, internal 
zener voltage 
reference; 
high speed current 
switches; 
a resistor 
ladder 
net- 
work; and a fast settling, low noise output operational 
amplifier 
all 
on 
a single 
monolithic 
chip. 
The 
converters are operated using two power supplies that 
can range from ±5V to ±12V. Power dissipation 
with 
±5V 
supplies 
is typically 
less than 200mW. 
Also 
included is a provision for external adjustment 
of the 


MSB error (differential 
linearity error at bipolar zero) 
to further improve 
total harmonic 
distortion 
(THD) 


specifications 
if desired. 
Few external 
components 


are 
necessary 
for 
operation, 
and 
all 
critical 
specifications 
are 100% tested. This helps assure the 
user of high system reliability and outstanding 
overall 
system performance. 


The PCM56 
is packaged 
in a high-quality 
16-pin 
molded plastic DIP package or SOlC and has passed 
operating life tests under simultaneous 
high-pressure, 


high-temperature, 
and high-humidity 
conditions. 
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For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


PCM56U. PCM56P-J, 
-K 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUT 
Resolution 
16 
Bits 


Digitallnputs(ll: 
V1H 
+2.4 
+Vl 
V 
Vil 
0 
+0.8 
V 


I'H. VIN::: 
+2.7V 
+1.0 
~ 


Ill' 
V1N '" +O.4V 
-50 
~ 
Input Clock Frequency 
10.0 
MHz 


TRANSFER 
CHARACTERISTICS 
ACCURACY 
Gain Error 
±2.0 
"10 


Bipolar Zero Error 
±30 
mV 


Differential Linearity Error 
±0.001 
%01 FSR(2j 


Noise (rms, 20Hz to 20kHz) at Bipolar Zero (Vour models) 
6 
~V 


TOTAL HARMONIC 
DISTORTION 


Vo: 
±FS at f: 991 Hz: PCM56P-K 
-94 
-92 
dB 
PCM56p·J 
-94 
-sa 
dB 
PCM56P, PCM56U 
-94 
-1l2 
dB 


PCM56p·L 
-94 
-1l0 
dB 


Vo: 
-20dB 
at I: 991 Hz: PCM56P-K 
-75 
-74 
dB 
PCM56P-J 
-75 
-U 
dB 
PCM56P, PCM56U 
-75 
-sa 
dB 
PCM56P-L 
-75 
-1l0 
dB 


Vo : -<lOdB at I: 991 Hz: PCM56P-K 
-35 
-34 
dB 
PCM56P·J 
-35 
-28 
dB 
PCM56P, PCM56U 
-35 
-28 
dB 
PCM56p·L 
-35 
-20 
dB 


MONOTONICITY 
15 
Bits 


DRIFT (O°C to +70°C) 
TotaIOrift(3) 
±25 
ppm of FSRi"C 
Bipolar Zero Drift 
±4 
ppm of FSR/oC 


SETTLING 
TIME (to ±0.006"1o 01FSR) 
Vo~age Output: 6V Step 
1.5 
~ 
lLSB 
1.0 
~s 
Slew Rate 
10 
V/~ 


Current Output, 1mA Step: 1on to loon 
Load 
350 
ns 


1kQ Load(4) 
350 
ns 


WARM-UP 
TIME 
1 
Min 


OUTPUT 
Voltage Output Configuration: 
Bipolar Range 
±3.0 
V 
Output Current 
±2.0 
mA 
Output Impedance 
0.10 
n 
Short Circuit Duration 


Current Output Configuration: 
Indefinite to Common 
Bipolar Range (±30"lo) 
±1.0 
mA 
Output Impedance (±30"lo) 
1.2 
kn 


POWER SUPPLY 
REQUIREMENTSt.) 


Voltage: +Vs and +Vl 
+4.75 
+5.00 
+13.2 
V 
-Vs and -VL 
-4.75 
-5.00 
-13.2 
V 
Supply Drain (No Load): +V (+Vs and +Vl = +5V) 
+10.00 
+17.0 
mA 
-V (-Vs and -Vl 
= -5V) 
-25.0 
-35.0 
mA 
+V (+Vs and +Vl = +12V) 
+12.0 
mA 


-V (-Vs and -Vl 
= -12V) 
-27.0 
mA 
Power Dissipation: Vs and Vl:= ±5V 
175 
260 
mW 
Vs and VL = ±12V 
468 
mW 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
°C 
Operation 
-25 
+70 
°C 
Storage 
-<l0 
+100 
°C 


NOTES: (1) Logic input levels are TTUCMOS-eompatible. 
(2) FSR means lull·scale range and is equivalent to 6V (±3V) lor PCM56 in the Vour mode. (3) This is the 


combined drift error due to gain, offset, and linearity over temperature. 
(4) Measured with an active clamp to provide a low impedance for approximately 
200ns. (5) All 


specifications 
assume +Vs connected to +VL and -Vs connected to -VL. 
If supplies are connected separately, -VL must not be more negative than -Vs supply voltage 
to assure proper operation. No similar restriction applies to the value of +VL with respect to +V3 
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DC Supply Voltages.. 
. 
±16VDC 
Input Logic Voltage 
. 
_ 
-1V to +VS/+VL 


Power 
Dissipation 
850mW 
Operating Temperature 
-25°C to +70°C 
Storage Temperature 
. 
-60°C to +100°C 
lead Temperature 
(soldering, 
10s) 
+300°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


PCM56U 
16-Pin SOIC 
211 
PCM56P 
16-Pin Plastic DIP 
180 


PCM56P-J 
16-Pin Plastic DIP 
180 
PCM56P-K 
16-Pin Plastic DIP 
180 
PCM56P-l 
16-Pin Plastic DIP 
180 


PIN 
DESCRIPTION 
MNEMONIC 


P1 
Analog Negative Supply 
-Vs 


P2 
Logic Common 
lOG 
COM 
P3 
Logic Positive 
Supply 
+VL 
P4 
No Connection 
NC 
P5 
Clock Input 
ClK 
P6 
latch 
Enable Input 
lE 
P7 
Serial Data Input 
DATA 
P8 
logic 
Negative Supply 
-VL 


pg 
Voltage Output 
VOUT 
P10 
Feedback 
Resistor 
RF 
P11 
Summing 
Junction 
SJ 
P12 
Analog 
Common 
ANA COM 
P13 
Current 
Output 
lOUT 
P14 
MSB Adjustment 
Terminal 
MSB ADJ 
P15 
MSB Trim·pot 
Terminal 
TRIM 
P16 
Analog Positive Supply 
+Vs 


;:) 


+5V 
a: 


.I. 1~F 
CO 
It) 
:IE0a. 


Analog 
Common 


~I 
Analog 
en 
Output 
~0 
:) 
C0a: 
0- 
0 
C 
:) 
<C 
..J 


~ 
CJ 
C 
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The PCM56 
is specified 
to provide 
critical 
performance 


criteria for a wide variety of applications. 
The most critical 


specifications 
for D/A converter 
in audio applications 
are 
Total 
Harmonic 
Distortion, 
Differential 
Linearity 
Error. 


Bipolar 
Zero 
Error, 
parameter 
shifts 
with 
time 
and 


temperature, 
and settling time effects on accuracy. 


The PCM56 is factory-trimmed 
and tested for all critical key 
specifications. 


The accuracy of a D/A converter is described by the transfer 
function shown in Figure 
I. Digital input to analog output 
relationship 
is shown 
in Table 
I. The errors 
in the D/A 
converter are combinations 
of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling 
networks, 
power 
supply 
rejection, 
and reference 
errors. 
In summary, 
these errors 
consist 
of initial 
errors 


including Gain, Offset, Linearity, Differential Linearity, and 
Power Supply Sensitivity. Gain drift over temperature rotates 
the line (Figure 
I) about the bipolar zero point and Offset 
drift shifts the line left or right over the operating temperature 
range. Most of the Offset and Gain drift with temperature 
or 
time is due to the drift of the internal reference zener diode. 
The converter is designed so that these drifts are in opposite 
directions. 
This way the Bipolar 
Zero voltage 
is virtually 
unaffected 
by variations 
in the reference 
voltage. 


DIGITAL 
INPUT CODES 


The PCM56 
accepts 
serial input data (MSB first) in the 
Binary Two's 
Complement 
(BTC) form. Refer to Table I 
for input/output 
relationships. 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


Binary Two's 
Voltage (V), 
Current (mA), 


Complement 
(BTC) 
DAC Output 
VOUTMode 
lOUTMode 


7FFF Hex 
+ Full Scale 
+2.999908 
-0.999970 
8000 Hex 
- Full Scale 
-3.o00ooo 
+1.o00ooo 
סס oo Hex 
Bipolar Zero 
0.o00ooo 
0.o00ooo 


FFFF Hex 
Zero-1LSB 
-0.סס OO92 
+0.0305oo!!A 


BIPOLAR 
ZERO ERROR 


Initial Bipolar Zero Error (Bit I "on" and all other bits "off') 
is the deviation 
from OV out and is factory-trimmed 
to 
typically ±30mV at +25°C. 


DIFFERENTIAL 
LINEARITY 
ERROR 


Differential 
Linearity Error (DLE) is the deviation 
from an 


ideal ILSB change 
from one adjacent 
output state to the 
next. 
DLE 
is important 
in audio 
applications 
because 
excessive 
DLE at Bipolar Zero (at the "major carry") 
can 


result in audible crossover 
distortion 
for low level output 


signals. 
Initial DLE un lht: PCM56 
is factOry trimmed 
to 
typically ±O.OOI% of FSR. The MSB DLE is adjustable 
to 
zero using the circuit shown in Figure 6. 


0111 ..1111 1 
0111 ..1110 


סס oo ..0010 


=> 
0000 ..0001 
~ 
~ 
0000 ..0000 


C>is 
1111. .1111 


1111 ..1110 


1000 . .0001 


1000 . .סס oo 
I 


-FSR/2 
Analog Output 
(+FSR/2) -1LSB 


FIGURE 
I. Input vs Output for an Ideal Bipolar D/A Con- 
verter. 


Changes 
in the DC power supplies will affect accuracy. 
The PCM56 power supply sensitivity 
is shown by Figure 2. 


Normally, 
regulated 
power supplies with 1% or less ripple 
are recommended 
for use with the DAC. See also Power 
Supply 
Connections 
paragraph 
in the 
Installation 
and 
Operating 
Instructions 
section. 


Settling time is the total time (including slew time) required 
for the output to settle within an error band around its final 
value after a change in input (see Figure 3). 


Settling times are specified 
to ±O.006% of FSR: one for a 


large output 
voltage 
change 
of 6V and one for a ILSB 
change. The ILSB change is measured 
at the major carry 
(סס OO hex to ffff hex), the point at which the worst-case 
settling time occurs. 
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c: 
0.01 
~ 
rf 0.003 


0.1 
1.0 


Settling Time (~s) 


STABILITY 
WITH TIME AND TEMPERATURE 


The 
parameters 
of a 0/A converter 
designed 
for audio 
applications 
should 
be 
stable 
over 
a relatively 
wide 
temperature 
range and over long periods of time to avoid 
undesirable 
periodic 
readjustment. 
The 
most 
important 
parameters 
are Bipolar 
Zero Error, 
Differential 
Linearity 
Error, and Total Harmonic 
Distortion. 
Most of the Offset 


and Gain drift with temperature 
or time is due to the drift of 
the internal reference 
zener diode. The PCM56 is designed 


so that these drifts are in opposite 
directions 
so that the 
Bipolar Zero voltage is virtually unaffected by variations in 
the reference 
voltage. 
Both OLE and THO are dependent 
upon the matching 
and tracking of resistor ratios and upon 
VBE and hFE of the current-source 
transistors. 
The PCM56 
was designed so that any absolute shift in these components 
has virtually 
no effect on OLE or THO. The resistors 
are 
made of identical 
links of ultra-stable 
nichrome 
thin-film. 
The current density in these resistors is very low to further 
enhance their stability. 


The Dynamic Range is a measure of the ratio of the smallest 
signals the converter can produce to the full-scale range and 
is usually expressed in decibels (dB). The theoretical dynamic 
range of a converter 
is approximately 
6 x n, or about 96dB 
of a 16-bit converter. The actual, or useful, dynamic range is 
limited by noise and linearity errors and is therefore somewhat 
less than the theoretical 
limit. However, this does point out 
that a resolution 
of at least 16 bits is required 
to obtain a 
90dB minimum 
dynamic 
range, regardless 
of the accuracy 
of the converter. 
Another 
specification 
that is useful for 
audio applications 
is Total Harmonic 
Distortion. 


THO is useful in audio applications 
and is a measure of the 
magnitude and distribution of the Linearity Error, Differential 
Linearity Error, and Noise, as well as Quantization 
Error. To 
be useful, THO should be specified for both high level and 
low level input signals. This error is unadjustable 
and is the 
most meaningful 
indicator 
of D/A converter 
accuracy 
for 
audio applications. 


or 
0.0. 
1ne 
rrns 
value 
01 LOe rLIVIJO 
errur 
reH:rn::u 
LU Lile 
input can be shown to be: 


where n is the number of samples in one cycle of any given 
sine wave, EL(i) is the linearity error of the PCM56 at each 
sampling 
point, and EQ(i) is the quantization 
error at each 
sampling point. The THO can then be expressed 
as: 


where Erms is the rrns signal-voltage 
level. 


This expression indicates that, in general, there is a correlation 
between 
the THO and the square root of the sum of the 
squares of the linearity errors at each digital word of interest. 
However, this expression 
does not mean that the worst-case 
linearity error of the D/A is directly correlated 
to the THO. 


For the PCM56 
the test period 
was chosen 
to be 22.7JlS 


(44. 1kHz), which 
is compatible 
with the EIAJ 
STC-007 
specification 
for PCM audio. The test frequency 
is 991Hz 
and the amplitude 
of the input signal is OdB, -20dB, 
and 


-60dB 
down from full scale. 


Figure 4 shows the typical 
THO as a function 
of outputlll 
voltage. 
• 


Figure 5 shows typical THO as a function of frequency. 
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INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


For optimum performance 
and noise rejection, power supply 
decoupling 
capacitors 
should 
be added 
as shown 
in the 
Connection 
Diagram. 
These 
capacitors 
(lJ.lF tantalum 
or 
electrolytic 
recommended) 
should be located close to the 
converter. 


MSB ERROR ADJUSTMENT 
PROCEDURE 


(OPTIONAL) 


The MSB error of the PCM56 can be adjusted to make the 
differential 
linearity 
error (DLE) at BPZ essentially 
zero. 
This is important when the signal output levels are very low, 
because 
zero crossing 
noise (DLE at BPZ) becomes 
very 
significant 
when 
compared 
to the 
small 
code 
changes 
occurring 
in the LSB portion of the converter. 


Differential 
linearity 
error at bipolar 
zero and THD 
are 
guaranteed 
to meet data sheet specifications 
without 
any 
external 
adjustment. 
However, 
a provision 
has been made 
for an optional adjustment of the MSB linearity point which 
makes 
it possible 
to eliminate 
DLE error 
at BPZ. Two 
procedures 
are 
given 
to allow 
either 
static 
or dynamic 
adjustment. 
The dynamic procedure 
is preferred because of 
the difficulty 
associated 
with the static method (accurately 
measuring 
16-bit LSB steps). 


To statically adjust DLE at BPZ, refer to the circuit shown 
in Figure 6, or the PCM56 connection 
diagram. 


After allowing ample warm-up time (5-10 minutes) to assure 
stable 
operation 
of the PCM56, 
select 
input code FFFF 
hexadecimal 
(all bits on except 
the MSB). 
Measure 
the 
audio output voltage using a 6-1/2 digit voltmeter and record 
it. Change the digital input code toסס oo hexadecimal 
(all 
bits off except the MSB). Adjust the lOOkQ potentiometer 
to 
make the audio output 
read 92/.lV more than the voltage 
reading of the previous 
code (a ILSB step = 92/.lV). 


A much simpler method is to dynamically 
adjust the DLE at 
BPZ. Again, refer to Figure 6 for circuitry and component 
values. Assuming 
the device has been installed in a digital 
audio application 
circuit, send the appropriate 
digital input 
to produce a -80dB level sinusoidal output. While measuring 
the THD 
of the audio 
circuit 
output, 
adjust 
the 
lOOkQ 
potentiometer until a minimum level of distortion is observed. 


470kn 
1OOkn 
200kn 


Trim15~1-Vs 


MSBAdjUst14~ 


Figure 7 and 8 refer to the input timing required to interface 
the inputs of PCM56 to a serial input data stream. Serial data 
is accepted 
in Binary Two's 
Complement 
(BTC) with the 
MSB being loaded first. Data is clocked in on positive going 
clock 
(CLK) 
edges 
and 
is latched 
into the DAC 
input 
register on negative going latch enable (LE) edges. 


The latch enable input must be high for at least one clock 
cycle before going low, and then must be held low for at 
least one clock cycle. The last 16 data bits clocked into the 
serial input register are the ones that are transferred 
to the 
DAC input register 
when latch enable goes low. In other 
words, 
when more than 
16 clock cycles occur between 
a 
latch enable, only the data present during the last 16 clocks 
will be transferred 
to the DAC input register. 


One requirement 
for clocking in all 16 bits is the necessity 
for a "17th" clock pulse. This automatically 
occurs when the 
clock is continuous 
(last bit shifts in on the first bit of the 
next data word). If the clock is stopped between input of 16- 
bit data words, the latch enable (LE) must remain low until 
after the first clock of the next 16-bit data word stream. This 
ensures that the latch is properly set up. 


Figure 7 refers to the general input format required for the 
PCM56. Figure 8 shows the specific relationships 
between 
the various signals and their timing constraints. 


INSTAllATION 
CONSIDERATIONS 


If the optional 
external 
MSB 
error 
circuitry 
is used, 
a 
potentiometer with adequate resolution and a TCR of lOOppm/ 
°C or less is required. 
Also, extra care must be taken to 
insure that no leakage path (either AC or DC) exists to pin 
14. If the circuit is not used, pins 14 and 15 should be left 
open. 


The PCM converter and the wiring to its connectors 
should 
be located to provide the optimum isolation from sources of 
RFI and EMI. The important consideration 
in the elimination 
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NOTES: 
(1) If clock is stopped between 
input of 16-bit data words, latch enable (LE) must remain low until after the first clock of the next 16-bit data 
word stream. 
(2) Data format is binary two's complement 
(BTe). 
Individual data bits are clocked in on the corresponding 
positive clock edge. (3) Latch 
enable (LE) must remain low at least one clock cycle after going negative. 
(4) Latch enable 
(LE) must be high for at least one clock cycle before going 
negative. 


--> 
40ns----> 
40ns- 
j> 
5ns 


---- 
> 100ns 
---- 


t 


,-- 


> 15ns 


> One Clock Cycle ~ 


of RF radiation or pickup is loop area; therefore, signal leads 
and their return conductors 
should be kept close together. 


This reduces 
the external 
magnetic 
field along with any 
radiation. Also, if a signal lead and its return conductor 
are 
wired close together, 
they represent 
a small flux-capture 
cross section for any external field. This reduces radiation 
pickup in the circuit. 


Figures 9 and 10 show a circuit and timing diagram 
for a 
single PCM56 used to obtain both left- and right-channel 
output in a typical digital audio system. The audio output of 
the PCM56 is alternately 
time-shared 
between the left and 
right channels. The design is greatly simplified because the 
PCM56 is a complete 
D/A converter 
requiring 
no external 
reference 
or output op amp. 


A sample/hold 
(S/H) amplifier, or "deglitcher" 
is required at 
the output of the D/A for both the left and right channel, as 
shown in Figure 9. The SIH amplifier for the left channel is 
composed 
of AI' SW1, and associated 
circuitry. Al is used 
as an integrator 
to hold the analog voltage in CI. Since the 


source 
and drain of the FET switch 
operate 
at a virtual 
ground 
when 
"C" 
and "B" 
are connected 
in the sample 


mode, 
there 
is no increase 
in distortion 
caused 
by the 


modulation 
effect of RoN by the audio signal. 


Figure 
10 shows the deglitcher 
controls 
for both left and 
right channels which are produced 
by timing control logic. 


A delay of 1.51lS(tm) is provided to allow the output of the 
PCM56 to settle within a small error band around its final 
value before connecting 
it to the channel output. Due to the 


fast settling time of the PCM56 it is possible to minimize the 
delay 
between 
the left- 
and right-channel 
outputs 
when 
using a single D/A converter 
for both channels. 
This 
is 


important because the right- and left-channel data are recorded 
in-phase 
and the use of the slower D/A converter 
would 
result in significant 
phase error at higher frequencies. 


The obvious solution to the phase shift problem 
in a two- 
channel system would be to use two D/A converters 
(one per 
channel) 
and time the outputs 
to change 
simultaneously.~ 


Figure 11 shows a block diagram of the final test circuitry ~ 
used for PCM56. 
It should be noted that no deglitching 
circuitry 
is required 
on the DAC output to meet specified « 
THD performance. 
This means that when one PCM56 
is C 
used per channel, 
the need 
for all the sample/hold 
and 
I 
controls circuitry associated with a single DAC (two-channel) 
C/) 
design 
is effectively 
eliminated. 
The PCM56 
is tested to 
I-- 


meet its THD specifications 
without 
the need for output 
0 
deglitching. 
::::> 


A low-pass filter is required after the PCM56 to remove all g 
unwanted 
frequency 
components 
caused 
by the sampling 
a:: 
frequency as well as those resulting from the discrete nature 
Q. 


of the D/A output. This filter must have a flat frequency 
0 
response 
over the entire audio band (O-20kHz) and a very 
C 
high attenuation 
above 20kHz. 
::::> 


Most previous digital audio circuits used a higher order (9- « 
13 pole) analog filter. However, 
the phase response 
of an 
...J 
analog filter with these amplitude characteristics 
is nonlinear 
~ 
and can disturb 
the pulse-shaped 
characteristic 
transients 
, •• 
contained 
in music. 
~C 
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One method 
of avoiding 
the problems 
associated 
with a 
higher 
order 
analog 
filter 
would 
be to use digital 
filter 
oversampling 
techniques. 
Oversampling 
by a factor of two 
would 
move the sampling 
frequency 
(88.2kHz) 
out to a 
point where only a simple 
low-order 
phase-linear 
analog 
filter 
is required 
after 
the deglitcher 
output 
to remove 
unwanted 
intermodulation 
products. 
In a digital 
compact 


disc application, 
various VLSI chips perform the functions 
of error detection/correction, 
digital filtering, and formatting 
of the digital information 
to provide the clock, latch enable, 


and 
serial 
input 
to the 
PCM56. 
These 
VLSI 
chips 
are 


Right Channel 
Deglitcher 
Control 


aVi11H1UIC 
!JUJU 
~CVCldl 
;::,UU1 ••..C;) 
\Juuy, 
.1 (UUQ.UQ., 
~.Jj511"-'lH,,,;), 
etc.) 
and 
are 
specifically 
optimized 
for 
digital 
audio 
applications. 


Oversampled 
circuitry 
requires 
a very fast D/A converter 
since the sampling frequency is multiplied by a factor of two 
or more (for each output 
channel). 
A single PCM56 
can 
provide two-channel 
oversampling 
at a 4X rate (176.4kHz/ 
channel) 
and 
still remain 
well 
within 
the 
settling 
time 
requirements 
for maintaining 
specified 
THD performance. 


This would reduce the complexities 
of the analog filter even 
further from that used in 2X oversampling 
circuitry. 


-, 


I 
c1 


'L~ 
~I 
SW, 


MP7512 


(Micro 
Power) 


Right 
Channel 


Deglitcher Control 


Left 
Channel 


Deglitcher 
Control 
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LOW-PASS FILTER 
I~ 
mCHARACTERISTIC 


-80 


-100 


-120 
10' 102 10' 10' 10' 


Frequency (Hz) 


Use 400Hz High-Pass 
Filter and 30kHz 
Low-Pass Filter 
Meter Settings 


Programmable 
Gain Amp 
OdB lo60dB 


Low-Pass 
Filter 
(Toko APQ-25 
or Equivalent) 


l1li 


~C 
ch 


••••o 
::)coa: 
£l.o 
C 
::)< 
..J 
t! 


The 
information 
provided 
herein 
is believed 
10 be reliable; 
however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
<-' 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
c- 
without notice. No patent rights or licenses to any altha circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Serial Input 18-Bit Monolithic Audio 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
18-BIT MONOLITHIC 
AUDIO 
D/A 
CONVERTER 


• 
LOW MAX THO + N: -92dB 
Without 
External 
Adjust 


• 
100% PIN COMPATIBLE 
WITH INDUSTRY 
STD 16-BIT PCM56P 


• 
LOW GLITCH OUTPUT OF ±3V OR ±1 mA 


• 
CAPABLE 
OF 8X OVERSAMPLING 
RATE 
IN VOUT MODE 


• 
COMPLETE 
WITH INTERNAL 
REFERENCE 
AND OUTPUT OP AMP 


• 
RELIABLE 
PLASTIC 
16-PIN DIP PACKAGE 


The PCM61P 
is an 18-bit totally pin compatible 
per- 
formance replacement 
for the popular 16-bit PCM56P. 


With the addition of two extra bits, lower max THD+N 
(-92dB; PCM6IP-K) 
can be achieved in audio applica- 


tions already 
using 
the PCM56P. 
The PCM61P 
is 
complete with internal reference and output op amp and 
requires no external parts to function as an 18-bit DAC. 
The PCM61P 
is capable of an 8-times oversampling 


rate (single channel) and meets all of its specifications 
without an external output deglitcher. 


The PCM61P comes in a small, reliable 16-pin plastic 
DIP package that has passed operating life tests under 
simultaneous high temperature, 
high humidity and high 


pressure testing. 


VREF 


MSBAdj 


RF 


lOUT 


BURR 
- BRO'W"N_ 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


PCM61P-P, J-P, K 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
18 
Bits 


DYNAMIC 
RANGE 
108 
dB 


DIGITAL INPUT 
Logic Family 
TIUCMOS 
Compatible 


Logic Level: 
V1H 
+2.4 
+V, 
V 
Vil 
0 
+0.8 
V 
I," 
VIH:::: +2.7V 
+1 
~A 
III 
VIL = +O.4V 
-50 
~ 
Data Format 
Serial BTCII 


Input Clock Frequency 
16.9 
MHz 


DYNAMIC 
CHARACTERISTICS 


Total Harmonic Distortion + N(2) 
Without MSB Adjustments 
PCM61P 
I : 991 Hz (OdB)I') 
Is: 
176.4kHzl·} 
-ll8 
-ll2 
dB 
t: 
991Hz (-2OdB) 
Is : 176.4kHz 
-74 
-ll8 
dB 
f: 991 Hz (-llOdB) 
Is = 176.4kHz 
-34 
-28 
dB 


PCM61P-J 
1= 991 Hz (OdB) 
Is = 176.4kHz 
-94 
-ll8 
dB 
I = 991 Hz (-2OdB) 
Is = 176.4kHz 
-76 
-74 
dB 


I = 991 Hz (-llOdB) 
Is = 176.4kHz 
-36 
-34 
dB 
PCM61P-K 
1= 991 Hz (OdB) 
Is : 176.4kHz 
-98 
-92 
dB 


f = 991 Hz (-20dB) 
Is = 176.4kHz 
-ll0 
-74 
dB 


1= 991 Hz (-llOdB) 
Is = 176.4kHz 
-40 
-34 
dB 


IDLE CHANNEL 
SNR 
20Hz to 20kHz at BPZ(5) 
112 
dB 


TRANSFER 
CHARACTERISTICS 
ACCURACY 
Gain Error 
±2 
O/OFSR 
a. 


Bipolar Zero Error 
±30 
mV 
'I"'" 
Differential Linearity Error 
±0.001 
%FSA 
(0 
TotalOrift(6) 
O°C to 70°C 
±25 
ppm 01FSRI"C 


== 
Bipolar Zero Drift 
O°Cto 70°C 
±4 
ppm 01FSRI"C 
0 
Warm-up Time 
1 
Minute 


MONOTONICITY 
16 
Bits 
a. 


ANALOG 
OUTPUT 
III 


Voltage: 
Output Range 
±3 
V 
Output Current 
±2 
mA 
Output Impedance 
0.1 
Il 
Current: 
Output Range 
±300/0 
±1 
mA 


~ 
Output Impedance 
±300/0 
1.2 
kIl 


SETILING 
TIME 
To ±0.0060/0 01 FSR 
C 


Voltage: 
6V Step 
1.5 
~s 
I 
1 LSB 
1.0 
~s 
f/) 
Slew Rate 
12 
V/~s 
••• 
Current: 
lmA 
Step 
lOll 
to lOOn Load 
250 
ns 
0 
lmA 
Step 
1kIl Load 
350 
ns 
Glitch Energy 
Meets all THO+N specs without external deglitching 
::::) 


POWER SUPPLY 
REQUIREMENTS(7) 
C 


±Vcc Supply Voltage 
±4.75 
±5 
±13.2 
V 
0 


Supply Current: +Icc 
+Vcc'" +SV 
+10 
+17 
mA 
a: 


+Icc 
+Vcc = +12V 
+12 
mA 
Q. 


-Ice 
-Vce = -5V 
-25 
-35 
mA 
0 
-Ice 
-Vcc 
= -12V 
-27 
mA 
C 
Power Dissipation 
±Vcc=±5V 
175 
260 
mW 


±Vcc: 
±12V 
475 
mW 
::::) 


TEMPERATURE 
RANGE 
< 


Specification 
0 
+70 
°C 
..J 


Operating 
-30 
+70 
°C 


~ 
Storage 
-ll0 
+100 
'C 


NOTES: (1) Binary Two's Complement 
coding. (2) Ratio of (DistortionRMs + NoiseRMs)/SignaIRMs, (3) D/A converter output frequency/signal 
level 
(4) D/A converter 
~ 


sample frequency (4 x 44.1 kHz; 4 times oversampling). 
(5) Bipolar zero, using A-weighted filter. (6) This is the combined drift error due to gain, offset, and linearity over C 


temperature. 
(7) All positive and all negative supply pins must be tied together respectively. 
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For Immediate Assistance, Contact Your Local Salesperson 


CONNECTION 
DIAGRAM 


PIN 
FUNCTION 
DESCRIPTION 


1 
-Vs 
Analog Negative Supply 
2 
LOG COM 
Logic Common 


3 
Wl 
Logic Positive Supply 
4 
NC 
No Connection 
5 
CLK 
Clock Input 
6 
LE 
Latch Enable Input 


7 
DATA 
Serial Data Input 
8 
-Vl 
Logic Negative Supply 
9 
Vour 
Voltage Output 
10 
RF 
Feedback Resistance 
11 
SJ 
Summing Junction 


12 
ANA COM 
Analog Common 
13 
lOUT 
Current Output 
14 
MSBADJ 
MSB Adjustment 
Terminal 


15 
TRIM 
MSB Trim-pot Terminal 


16 
+Vs 
Analog Positive Supply 


DC Supply Voltages 
. 
±16VDC 
Input Logic Voltage. 
. 
-1V to VS/+VL 
Power Dissipation 
850mW 
Operating Temperature 
Range. 
... -25°C to +70°C 
Storage Temperature 
Range 
-aO°C 
to +100°C 
Lead Temperature 
(soldering, 
105).. 
+3000C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


PCM61P-P 
16-Pin Plastic DIP 
180 
PCM61P-J 
16-Pin Plastic DIP 
180 
PCM61P-K 
16-Pin Plastic DIP 
180 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


Binary Two's 
Voltage (V) 
Current (mA) 


Complement 
(BTC) 
DAC Output 
Vour Mode 
lOUTMode 


lFFFF 
Hex 
+FS 
-0.99999237 
+2.99997711 


00000 Hex 
BPZ 
0.00000000 
0.00000000 
3FFFF Hex 
BPZ-1LSB 
+0.00000763 
-0.00002289 
2סס oo Hex 
-FS 
+1.סס OOסס OO 
-3.00000ooo 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
for the use of this information. and all use of such information shall be entirely at the user's own risk. Prices and specificationc 
aro cubjoct to chango 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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PIS (Clock) UUlJlJl 


P18(Data)~ 


P17 (Latch Enable) l 
----_/ 
L 


NOTES: (1) If clock is stopped between input of 18-M data words, latch enable (LE) must remain low until after the first clock olthe next 18-bit data word stream. 


(2) Data format is binary two's complement 
(BTC). 
Individual data bits are clocked in on the corresponding 
positive clock edge. (3) Latch enable 
(LE) must remain 
low at least one clock cycle after going negative. 
(4) Latch enable 
(LE) must be high for at least one clock cycle before going negative. 


X 
LSB 
X~_MS_B 
~) 


~ 
>25n5 
..• '•... >25n5 ...•.., 
>5n5 


,.....--- 
>60n5 ----.. .-..- 


\~>_1_5_ns 
_ 
Latch 
.: 


Enable 
.... 


MAXIMUM 
CLOCK RATE 


The maximum 
clock rate of 16.9MHz for the PCM61P 
is 
derived 
by multiplying 
the standard 
audio sample 
rate of 
44.1 kHz times sixteen (16 x oversampling) 
times the standard 


audio word bit length of 24 (44. 1kHz x 16 x 24 = 16_9MHz). 
Note that this clock rate accommodates 
a 24-bit word length, 


even though only 18 bits are actually being used. 


4701ill 
1001ill 
2001ill 


Trim15~1-Vs 


MSB Adjust 14~ 


MSB ERROR ADJUSTMENT 
PROCEDURE 
(OPTIONAL) 


The MSB error of the PCM61P can be adjusted to make the 
differential linearity error (DLE) at BPZ essentially zero. This 
is important 
when the signal output 
levels are very low, 


because 
zero crossing 
noise (DLE at BPZ) becomes 
very 


significant when compared to the small code changes occur- 
ring in the LSB portion of the converter. 


To statically adjust DLE at BPZ, refer to the circuit shown in 
Figure 3 or the PCM61P connection 
diagram. 


Differential 
linearity error at bipolar zero and THD are guar- 


anteed to meet data sheet specifications 
without any external 


adjustment. 
However, 
a provision 
has been made for an 
optional adjustment of the MSB linearity point, which makes 
it possible to eliminate DLE error at BPZ_Two procedures areIII 
given 
to allow either 
static 
or dynamic 
adjustment. 
The 
: 
dynamic 
procedure 
is preferred 
because 
of the difficulty 
associated 
with the static method (accurately 
measuring 
16- 
bit LSB steps). 


After allowing ample warm-up time (5-10 minutes) to assure 
stable operation 
of the PCM61P, 
select input code 3FFFF 


hexadecimal (all bits on except the MSB). Measure the output 
voltage using a 6-1/2 digit voltmeter and record it. Change the 
digital input code to 0סס oo hexadecimal 
(all bits off except the 


MSB). Adjust the lOOkQ potentiometer 
to make the output 


read 22.91lV more than the voltage reading of the previous 
code (a ILSB step = 22.9IlV). A much simpler method is to 
dynamically adjust the DLE at BPZ. Assuming the device has 
been installed in a digital audio application 
circuit, send the 
appropriate digital input to produce a -60dB level sinusoidal 
output, then adjust the IOOkQ potentiometer 
until a minimum 
level of distortion is observed. 
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DEMO 
BOARD 
AVAILABLE 
See Appendix 
A 


Colinear™ 
20-Bit Monolithic 
Audio 
DIGITAL-TO-ANALOG 
CONVERTER 


• 
COL/NEAR 
20-BIT AUDIO 
DAC 


• 
NEAR-IDEAL 
LOW LEVEL OPERATION 


• 
GLITCH-FREE 
OUTPUT 


• 
ULTRA 
LOW -96dB 
max THD+N 
(Without 
External 
Adjustment) 


• 
116dB SNR min (A-Weight 
Method) 


• 
INDUSTRY 
STD SERIAL 
INPUT FORMAT 


• 
FAST (200ns) 
CURRENT 
OUTPUT 
(±2mA; 
±2% max) 


• 
CAPABLE 
OF 16x OVERSAMPLING 


• 
COMPLETE 
WITH REFERENCE 


The PCM63P 
is a precision 
20-bit digital-to-analog 
converter with ultra-low distortion (-96dB 
max with a 
full scale output; PCM63P-K). 
Incorporated 
into the 


PCM63P is a unique Colineardual-DAC 
per channel 
architecture 
that eliminates 
unwanted 
glitches 
and 
other nonlinearities 
around bipolar zero. The PCM63P 
also features 
a very low noise 
(ll6dB 
max 
SNR; 


A-weighted 
method) 
and fast settling current output 
(200ns typ, 2mA step) which is capable of l6-times 
oversampling 
rates. 


Applications 
include 
very low distortion 
frequency 


synthesis 
and high-end 
consumer 
and professional 


digital audio applications. 


Clock 
18 


RFEEDBACK 


Latch 
Enable 
20 


RFEEDBACK 


Data 
21 


lOUT 


Colinesr™, 
Burr-Brown 
Corp. 


International Airport Industrial Park 
• 
Mailing Address: PO Box 11400 
Tucson, AZ 85734 
• 
Street Address: 6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 


Tel: (520) 746-1111 
• 
Twx: 91().952·1111 
• 
Cable: BBRCORP 
• 
Telex: ~91 
• 
FAX: (520) 889-1510 
• 
Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


PCM63P, 
PCM63P-J, 
PCM63P-K 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
20 
Bits 


DYNAMIC 
RANGE, 
THD+N at -j)OdB 
Referred to Full Scale 


PCM63P 
96 
100 
dB 


PCM63P-J 
100 
104 
dB 
PCM63P-K 
104 
108 
dB 


DIGITAL 
INPUT 


Logic Family 
TTUCMOS 
Compatible 


Logic Level: VIH 
+2.4 


I 
I 


+Vo 
V 


V~ 
0 
0.8 
V 


I'H 
V,H = +2.7V 
+1 
IlA 


I~ 
VIL:: 
+O.4V 
-50 
IlA 
Data Format 
Serial, MSB First. BTCII) 


Input Clock Frequency 
12.5 
25 
MHz 


TOTAL 
HARMONIC 
DISTORTION 
+ Nl21,Without Adjustments 


PCM63P 
I = 991 Hz (OdB)t3) 
Is = 352.8kHz(4) 
-92 
-88 
dB 


I = 991 Hz (-20dB) 
fs = 352.8kHz 
-80 
-74 
dB 
1= 991 Hz (-j)OdB) 
Is = 352.8kHz 
-40 
-36 
dB 


PCM63P-J 
I = 991 Hz (OdB) 
Is = 352.8kHz 
-96 
-92 
dB 
I = 991 Hz (-2OdB) 
Is = 352.8kHz 
-82 
-76 
dB 


1 = 991 Hz (-j)OdB) 
Is • 352.8kHz 
-44 
-40 
dB 


PCM63P-K 


f = 991 Hz (OdB) 
Is = 352.8kHz 
-100 
-96 
dB 
1 = 991 Hz (-20dB) 
Is = 352.8kHz 
-88 
-82 
dB 


f • 991 Hz (-j)OdB) 
Is • 352.8kHz 
-48 
-44 
dB 


ACCURACY 
a. 


Level Linearity 
at -90dB 
Signal Level 
±O.3 
±1 
dB 
Gain 
Error 
±1 
±2 
% 
C") 


Bipolar Zero 
ErrortS) 
±10 
mV 
(0 


Gain 
Drift 
O'C to 70'C 
25 
ppm?C 
:E 
Bipolar Zero 
Drift 
O'C to 70'C 
4 
ppm 01 FSR/"C 
0 
Warm-up Time 
1 
Minute 
a. 


IDLE CHANNEL 
SNR(') 
20Hz to 20kHz at BPZ(7) 
+116 
+120 
dB 


POWER SUPPLY 
REJECTION 
+86 
dB • 


ANALOG 
OUTPUT 


Output Range 
±2.00 
mA 
Output 
Impedance 
670 
Q 


~ 
Internal 
RFEEDBACK 
1.5 
kQ 


Settling 
Time 
2mA Step 
200 
ns 
0 


Glitch Energy 
No Glitch Around 
Zero 
I 
POWER SUPPLY 
REQUIREMENTS 
en 


±V., 
±Vo Supply Vollage 
Range 
±4.50 
±5 
±5.50 
V 
~ 


+1". +10 Combined 
Supply 
Current 
+V A. +Vo = +5V 
10 
15 
mA 
0 
-IA• -10 Combined 
Supply 
Current 
-V., 
-Va = -5V 
-35 
-45 
mA 
::::) 
Power 
Dissipation 
±V". ±Vo:: 
±5V 
225 
300 
mW 
0 
TEMPERATURE 
RANGE 
0 


Specification 
0 
+70 
'C 
a: 
Operating 
-40 
+85 
'C 
c.. 


Storage 
-j)0 
+100 
'C 


NOTES: 
(1) Binary Two's Complement 
coding. 
(2) Ratio 01 (DistortionRMS + NoiseRMS) I SignaiRMS' (3) D/A converter 
output frequency 
(signal level). 
(4) D/A 


converter 
sample frequency 
(8 x 44.1 kHz; ax Dversampling). 
(5) Offset error at bipolar zero. 
(6) Measured 
using an OPA27 
and 1.5kn 
feedback 
and an A-weighted 
lilter. (7) Bipolar Zero. 


The information provided herein is believed to be reliable: however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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PIN 
DESCRIPTION 
MNEMONIC 


P1 
Servo 
Amp Decoupling 
Capacitor 
CAP 
P2 
+5V Analog Supply Voltage 
+VA 


P3 
Reference 
Decoupling 
Capacitor 
CAP 
P4 
Offset 
Decoupllng 
Capacitor 
CAP 
P5 
Bipolar Offset Current Output (+2mA) 
BPO 
P6 
DAC Current Output (0 to -4mA) 
lOUT 
P7 
Analog 
Common 
Connection 
ACOM 
P8 
No Connection 
NC 
P9 
Feedback 
Resistor 
Connection 
(1.51<0:) 
RFt 


P10 
Feedback 
Resistor 
Connection 
(1.5kn) 
RF, 


P11 
-5V 
Digital Supply Voltage 
-Vo 


P12 
Digital Common 
Connection 
DCOM 
P13 
+5V Digital Voltage Supply 
+Vo 


P14 
No Connection 
NC 
P15 
No Connection 
NC 
P16 
No Connection 
NC 
P17 
No 
Connection 
NC 
P18 
DAC Data Clock Input 
ClK 
P19 
No Connection 
NC 
P20 
DAC Data Latch Enable 
lE 


P21 
DAC Data Input 
DATA 
P22 
No Connection 
NC 
P23 
Optional 
Upper DAC Bit-2 Adjust (-4.29V)" 
UB2 Adj 
P24 
Optional 
lower 
DAC Bit-2 Adjust (-4.29V)" 
lB2 
Adj 
P25 
Bit Adjust Reference 
Vonage Tap (-3.52V)- 
VPOT 
P26 
No Connection 
NC 
P27 
No 
Connection 
NC 
P28 
-5V 
Analog Supply Voltage 
-VA 


-Nominal voltages at these nodes assuming ±VA; 
±Vo = ±5V. 


TEMPERATURE 
MAX THD+N, 


MODEL 
PACKAGE 
RANGE 
AT OdS 


PCM63P 
28-Pin Plastic DIP 
COC to +70"C 
-B8dB 


PCM63P-J 
28-Pin Plastic DIP 
O°C to +70"C 
-92dB 
PCM63P-K 
28-Pin Plastic DIP 
O°C to +70"C 
-96dB 


+VA, +Vo to ACOMIDCOM.. 
. 
OV to +8V 
-VA' -Vo to ACOMIDCOM 
OV to -BV 
-VA' -Vo 
to +VA• +Vo 
OV to +16V 
ACOM to DCOM.. 
. 
±O.5V 
Digital Inputs (pins 18, 20, 21) to DCOM 
-1V to +Vo 
Power 
Dissipation. 
. 
SOOmW 


lead Temperature, (soldering, 
105).. 
. 
+300°C 
Max Junction Temperature..... 
165°C 
Thermal Resistance, 8JA . 
.. 
70OCfW 


NOTE: Stresses above those listed under 
WAbsolute Maximum Ratings" 


may cause permanent damage 
to the device. 
Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


PCM63P 
28-Pin Plastic DIP 
215 
PCM63P-J 
2a-Pin Plastic DIP 
215 
PCM63P-K 
28-Pin Plastic DIP 
215 
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(USA Only) 
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THEORY OF OPERATION 
DISCUSSIONOF SPECIFICATIONS 


Digital audio systems have traditionally 
used laser-trimmed, 
current-source 
DACs in order to achieve sufficient accuracy. 
However 
even the best of these suffer from potential 
low- 
level nonlinearity 
due to errors at the major carry bipolar 


zero transition. 
More recently, DACs employing 
a different 
architecture 
which 
utilizes 
noise 
shaping 
techniques 
and 
very high oversampling 
frequencies, 
have been introduced 
("Bitstream", 
"MASH", 
or I-bit DACs). These DACs over- 


come the low level linearity problem, but only at the expense 
of signal-to-noise 
performance, 
and often to the detriment of 
channel 
separation 
and 
intermodulation 
distortion 
if the 


succeeding 
circuitry is not carefully 
designed. 


The PCM63 is a new solution to the problem. It combines all 
the advantages 
of a conventional 
DAC (excellent 
full scale 
performance, 
high signal-to-noise 
ratio and ease of use) with 


superior 
low-level 
performance. 
Two DACs are combined 
in a complementary 
arrangement 
to produce 
an extremely 


linear output. The two DACs share a common reference and 
a common R-2R ladder to ensure perfect tracking under all 
conditions. 
By interleaving 
the individual bits of each DAC 
and employing precise laser trimming of resistors, the highly 
accurate match required between DACs is achieved. 


This new, complementary 
linear or dual-DAC 
Colinear 


approach, 
which steps away from zero with small steps in 
both directions, 
avoids 
any glitching 
or "large" 
linearity 
errors and provides an absolute current output. The low level 
performance 
of the PCM63P is such that real 20-bit resolu- 


tion can be realized, 
especially 
around the critical bipolar 


zero point. 


Table I shows the conversion 
made by the internal logic of 
the PCM63P 
from binary two's 
complement 
(BTC). Also, 
the resulting 
internal codes to the upper and lower DACs 
(see front page block diagram) 
are listed. Notice that only 


the LSB 
portions 
of either 
internal 
DAC 
are changing 
around bipolar zero. This accounts 
for the superlative 
per- 


formance 
of the PCM63P 
in this area of operation. 


DYNAMIC 
SPECIFICATIONS 


Total Harmonic 
Distortion 
+ Noise 
The key specification 
for the PCM63P 
is total harmonic 


distortion plus noise (THD+N). 
Digital data words are read 


into the PCM63P 
at eight times the standard compact disk 
audio sampling frequency 
of 44. 1kHz (352.8kHz) 
so that a 
sine 
wave 
output 
of 991 Hz is realized. 
For 
production 


testing, the output of the DAC goes to an I to V converter, 
then to a programmable 
gain amplifier 
to provide 
gain at 


lower signal output test levels, and then through 
a 40kHz 


low pass filter before being fed into an analog type distortion 
analyzer. Figure I shows a block diagram of the production 
THD+N 
test setup. 


For the audio bandwidth, 
THD+N of the PCM63P is essen- 
tially flat for all frequencies. 
The typical performance 
curve, 
"THD+N 
vs Frequency," 
shows four different output signal 
levels: OdB, -20dB, 
--40dB, and --{jOdB.The test signals are 


derived from a special compact test disk (the CBS CD-I). It 
is interesting 
to note that the -20dB 
signal falls only about 


10dB below the full scale signal instead 
of the expected 
20dB. This is primarily due to the superior low-level signal 
performance 
of the dual-DAC 
Colinear architecture 
of the 


PCM63P. 


In terms of signal measurement, 
THD+N 
is the ratio of 


DistortionRMs + NoiseRMs / SignalRMs expressed 
in dB. For 
the PCM63P, 
THD+N 
is 100% tested at all three specified 
output levels using the test setup shown in Figure 
1. It is 
significant 
to note that this test setup does not include any 
output deglitching 
circuitry. All specifications 
are achieved 
without the use of external deglitchers. 


Dynamic 
Range 


Dynamic range in audio converters is specified as the measure 
of THD+N 
at an effective 
output 
signal 
level of --{jOdB 
referred to OdB. Resolution is commonly used as a theoretical 
measure of dynamic range, but it does not take into account 
the effects of distortion 
and noise at low signal levels. The 


INPUT CODE 
LOWER 
DAC CODE 
UPPER DAC CODE 
ANALOG 
OUTPUT 
(2Q-bit Binary 
Two's 
Complement) 
(19-blt 
Straight 
Binary) 
(19-bit 
Straight 
Binary) 


+Full Scale 
011 ..111 
111 ..111 + 1LSB' 
111 ..111 
+Full Scale - 
1LSB 
011 ..110 
111 ..111 + 1LSB' 
111 ..110 


Bipolar Zero + 2LSB 
000 ..010 
111 ..111 + 1LSB' 
000 ..010 
Bipolar Zero + 1LSB 
000 ..DOl 
111 ..111 + lLSB' 
000 ..001 


Bipolar Zero 
000 ..000 
111 ..111 + 1LSB' 
000. .000 


Bipolar Zero - 1LSB 
111 ..111 
111...111 
000 ..000 


Bipolar Zero - 2LSB 
111 ..110 
111...110 
000 ..000 
-Full 
Scale + 1LSB 
100 ..001 
000 ...001 
000 ..000 


-Full 
Scale 
100 ..000 
000 ...000 
000 ..000 


·The 
extra weight 01 1LSB is added 
at this point to make the transfer 
functior 
symmetrical 
around bipolar zero. 
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Use 400Hz High-Pass 


Fi~er and 30kHz 


Low·Pass 
Fitter 
Meter Settings 


Programmable 
Gain Amp 


OdB to 60dB 


Low·Pass 


Filter 
40kHz 3rd Order 
GIC Type 


ItoV 


Converter 
OPA627 


Sampling Rate = 44.1 kHz x 8 (352.8kHz) 
Timing 
Output Frequency = 991 Hz 


Logic 


Colinear 
architecture 
of the 
PCM63P, 
with 
its 
ideal 


performance 
around bipolar 
zero, provides 
a more usable 
dynamic 
range, even using the strict audio definition, 
than 
any previously 
available 
D/A converter. 


Level Linearity 


Deviation from ideal versus actual signal level is sometimes 
called "level linearity" in digital audio converter testing. See 
the "-9OdB 
Signal 
Spectrum" 
plot in the Typical 
Perfor- 
mance Curves section for the power spectrum of a PCM63P 
at a -9OdB output level. (The "-90dB 
Signal" plot shows the 
actual -90dB 
output of the DAC). The deviation from ideal 


for PCM63P at this signal level is typically less than ±O.3dB. 
For the "-llOdB 
Signal" 
plot in the Typical 
Performance 
Curves section, true 20-bit digital code is used to generate a 
-IIOdB 
output signal. This type of performance 
is possible 
only with the low-noise, near-theoretical 
performance arou d 
bipolar zero of the PCM63P's 
Colinear DAC circuitry. 


A commonly tested digital audio parameter is the amount of 
deviation 
from ideal of a 1kHz signal when its amplitude 
is 
decreased from ~OdB 
to -12OdB. A digitally dithered input 
signal is applied to reach effective output levels of -120dB 
using only the available 
16-bit code from a special compact 
disk test input. See the "16-Bit Level Linearity" 
plot in the 
Typical 
Performance 
Curves 
section 
for the results 
of a 
PCM63P 
tested 
using 
this 
16-bit dithered 
fade-to-noise 
signal. Note the very small deviation from ideal as the signal 
goes from ~OdB 
to -100e1E. 


DC SPECIFICATIONS 


Idle Channel 
SNR 


Another 
appropriate 
specification 
for a digital audio con- 


vcrtcr 
is idlc channcl 
signal-to-noise 
ratio 
(idle channel 
SNR). This is the ratio of the noise on the DAC output at 
bipolar zero in relation to the full scale range of the DAC. To 


make this measurement, 
the digital input is continuously 
fed 
the code for bipolar 
zero while the output of the DAC is 
band-limited 
from 20Hz to 20kHz and an A-weighted 
filter 
is applied. The idle channel SNR for the PCM63P 
is typi- 
cally greater 
than 
120dB, 
making 
it ideal for low-noise 
applications. 


Monotonicity 


Because of the unique dual-DAC 
Colinear architecture 
of 
the PCM63P, 
increasing 
values of digital input will always 
result 
in increasing 
values 
of DAC 
output 
as the signal 
moves away from bipolar zero in one-LSB 
steps (in either 
direction). 
The "16-Bit 
Monotonicity" 
plot in the Typical 
Performance 
Curves 
section 
was generated 
using 
16-bit~ 


digital code from a test compact disk. The test starts with I0 ~ 
periods of bipolar zero. Next are 10 periods of alternating 
ILSBs 
above 
and 
below 
zero, 
and 
then 
10 periods 
of 
alternating 
2LSBs above and below zero, and so on until 


IOLSBs 
above 
and below 
zero 
are reached. 
The 
signal 
pattern then begins again at bipolar zero. 


With PCM63P, 
the low-noise 
steps are clearly defmed and 
increase 
in near-perfect 
proportion. 
This 
performance 
is 


achieved 
without 
any external 
adjustments. 
By contrast, 


sigma-delta 
("Bitstream", 
"MASH", 
or I-bit DAC) architec- 
tures are too noisy to even see the first 3 or 4 bits change (at 
16 bits), other than by a change in the noise level. 


Absolute 
Linearity 


Even though absolute integral and differential 
linearity specs 
are not given for the PCM63P, 
the extremely 
low THD+N 
performance 
is typically 
indicative 
of 16-bit to 17-bit inte- 
gral linearity in the DAC, depending 
on the grade specified. 
The relationship 
between THD+N and linearity, however, is 
not such that an absolute 
linearity 
specification 
for every 


individual 
output code can be guaranteed. 
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Offset, Gain, And Temperature 
Drift 


Although 
the PCM63P 
is primarily 
meant for use in dy- 


namic applications, 
specifications 
are also given for more 
traditional 
DC parameters 
such as gain error, bipolar 
zero 
offset error, and temperature 
gain and offset drift. 


DIGITAL INPUT 


Timing 
Considerations 


The PCM63P 
accepts TIL 
compatible 
logic input levels. 


Noise 
immunity 
is enhanced 
by the 
use of differential 
current 
mode logic input architectures 
on all input signal 


lines. 
The 
data 
format 
of the PCM63P 
is binary 
two's 


complement 
(BTC) 
with the most significant 
bit (MSB) 
being first in the serial input bit stream. Table II describes 
the exact relationship 
of input data to voltage output coding. 


Any number 
of bits can precede the 20 bits to be loaded, 
since only the last 20 will be transferred to the parallel DAC 
register after LE (P20, Latch Enable) has gone low. 


All DAC serial input data (P21, DATA) 
bit transfers 
are 
triggered on positive clock (PI8, CLK) edges. The serial-to- 
parallel data transfer to the DAC occurs on the falling edge 
of Latch Enable (P20, LE). The change in the output of the 
DAC coincides 
with the falling edge of Latch Enable (P20, 


LE). Refer to Figure 2 for graphical 
relationships 
of these 
signals. 


Maximum 
Clock 
Rate 


A typical clock rate of 16.9MHz for the PCM63P is derived 
by multiplying 
the standard audio sample rate of 44.1 kHz by 


sixteen times (l6x 
oversampling) 
the standard audio word 
bit length of 24 bits (44. 1kHz x 16 x 24 = 16.9MHz). Note 
that this clock rate accommodates 
a 24-bit word length, even 
though only 20 bits are actually being used. The maximum 
clock rate of 25MHz 
is guaranteed, 
but is not 100% final 
tested. The setup and hold timing relationships 
are shown in 
Figure 3. 


"Stopped 
Clock" 
Operation 


The PCM63P is normally operated with a continuous 
clock 


input signal. If the clock is to be stopped between input data 
words, the last 20 bits shifted in are not actually shifted from 
the serial register to the latched parallel DAC register until 
Latch Enable (LE, P20) goes low. Latch Enable must remain 
low until after the first clock cycle of the next data word 
to insure proper DAC operation. 
In any case, the setup and 


hold times for Data and LE must be observed 
as shown in 
Figure 3. 


1->15n51>15n5-1<-- 
I 
'-I'<-'r> 1ns 
>33ns- 


Latch 
/,' 
Y10ns 
", 


Enable ---' 
L 
l 
, 


>Ooe Clock Cycle---- 
:>One Clock CYcle-J 


VOLTAGE 
OUTPUT 
DIGITAL 
INPUT 
ANALOG 
OUTPUT 
CURRENT 
OUTPUT 
(With 
External 
Op Amp) 


1.048.576LSB5 
Full Scale Range 
4.00000000mA 
6.OOO00000V 
1LSB 
NA 
3.81469727nA 
5.72204590~V 
7FFFFHEX 
+Full Scale 
-1.99999619mA 
+2.99999428V 
OOOOOHEX 
Bipolar Zero 
O.OOOOOOOOmA 
O.OOOOOOOOV 
FFFFFHEX 
Bipolar Zero - 1LSB 
+0.00000381 mA 
-o.OOOOO572V 
80000HEX 
-Full 
Scale 
+2.00000000mA 
-3.00000000V 


P21(Data) 
~ 
MSB 


P20 (Latch Enable) l_~/ 
_ 


P6 (lOUT) ><::::= 


~ 


LSB 


____ 
/L 
-----~>< 
NOTES: (1) If clock is stoppe,d b~tween input of 2Q·bit data words, Latch Enable (lE) must remain low until after the first clock cycle of the next 20·bit data 
word stream. (2~ Data format IS binary two's compleme~t 
(BTC). I.ndividual data bits are clocked in on the corresponding 
positive clock edge. (3) Latch Enable 
(LE) must remain low at least one clock cycle after gOing negative. (4) Latch Enable (LE) must be high for at least one clock cycle before going negative. 
(5) lOUT changes on negative going edge of Latch Enable (LE). 
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POWER 
SUPPLIES 


Refer to Figure 4 for proper connection 
of the PCM63P 
in 


the voltage-out 
mode using the internal feedback 
resistor. 


The feedback 
resistor connections 
(P9 and PI 0) should be 


left open if not used. The PCM63P 
only requires 
a ±5V 
supply. Both positive supplies 
should be tied together 
at a 


single 
point. 
Similarly, 
both negative 
supplies 
should 
be 
connected 
together. 
No real advantage 
is gained by using 
separate analog and digital supplies. It is more important that 
both these 
supplies 
be as "clean" 
as possible 
to reduce 


coupling of supply noise to the output. Power supply decou- 
piing 
capacitors 
should 
be used 
at each 
supply 
pin 
to 
maximize 
power 
supply 
rejection, 
as shown 
in Figure 4, 


regardless 
of how good the supplies 
are. Both commons 
should be connected 
to an analog ground plane as close to 


the PCM63P 
as possible. 


As shown in Figure 4, various size decoupling 
capacitors 
can be used, with no special tolerances 
being required. The 
size of the offset decoupling 
capacitor 
is not critical either, 
with larger values (up to lOOIJF)giving slightly better SNR 
readings. All capacitors should be as close to the appropriate 
pins of the PCM63P as possible to reduce noise pickup from 
surrounding 
circuitry. 


Near optimum performance 
can be maintained 
at all signal 


levels without using the optional MSB adjust circuitry of the 
PCM63P 
shown in Figure 5. Adjustability 
is provided 
for 
those 
cases 
where 
slightly 
better 
full-scale 
THD+N 
is 


ment comes 
from bettering 
the gain match 
between 
the 


upper and lower DACs at these signal levels. The change is 
realized by small adjustments 
in the bit-2 weights of each 
DAC. Great care should be taken, 
however, 
as improper 


adjustment 
will easily result in degraded 
performance. 


In theory, 
the 
adjustments 
would 
seem 
very 
simple 
to 


perform, but in practice they are actually quite complex. The 
fust step in the theoretical procedure 
would involve making 


each bit-2 weight 
ideal in relation 
to its code minus one 


value 
(adjusting 
each 
potentiometer 
for zero differential 


nonlinearity 
error at the bit-2 major carries). This would be 
the starting point of each lOOkQ potentiometer 
for the next 


adjustment. 
Then, 
each potentiometer 
would 
be adjusted 
equally, 
in opposite 
directions, 
to achieve the lowest full- 
scale THD+N 
possible 
(reversing 
the direction 
of rotation 


I 
O.1~FI 
O.1~F 


PCM63P 


O.1~F 
1~F 


-5V 
CAP 
-VA 
28 
~ 


+5V 
+VA 
NC 
"0" 


CAP 
NC 


CAP 
VPOT 
O.1~F 


BPO 
lB2Adj 


01~a 


±3V 


lOUT 
UB2 Adj 


ACOM 
NC 


NC 
DATA 


RF, 
lE 


Rf, 
NC 


-Vo 
ClK 


DCOM 
NC 


+Vo 
NC 
,. 
NC 
NC 
15 
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for both if no immediate 
improvement 
were noted). This 
procedure 
would require the generation 
of the digital bit-2 
major carry code to the input of the PCM63P and a DVM or 
oscilloscope 
capable of reading the output voltage for a one 
LSB step (5.72~V) in addition to a distortion 
analyzer. 


A more practical 
approach 
would be to forego the minor 
correction 
for the bit-2 major carry adjustment 
and only 
adjust for upper and lower DAC gain matching. 
The prob- 
lem is that just by connecting 
the MSB circuitry 
to the 
PCM63P, the odds are that the upper and lower bit-2 weights 
would be greatly changed from their unadjusted 
states and 
thereby 
adversely 
affect the desired 
gain adjustment. 
Just 
centering 
the lOOkQ potentiometers 
would not necessarily 
provide 
the correct 
starting 
point. To guarantee 
that each 
lOOkQ potentiometer 
would be set to the correct starting or 
null point (no current into or out of the MSB adjust pins), the 
voltage drop across each corresponding 330kQ resistor would 
have to measure 
OV. A voltage 
drop of ±1.25mV 
across 
either 330kQ resistor would correspond 
to a ±ILSB 
change 
in the null point from its unadjusted 
state (lLSB 
in current 
or 3.81nA 
X 330kQ = 1.26mV). Once these starting points 
for each potentiometer 
had been set, each potentiometer 
would then be adjusted 
equally, 
in opposite 
directions, 
to 
achieve the lowest full-scale THD+N possible. If no imme- 
diate improvement 
were noted, the direction of rotation for 
both potentiometers 
would be reversed. 
One direction 
of 
potentiometer 
counter-rotations 
would only make the gain 
mismatch 
and resulting THD+N 
worse, while the opposite 
would gradually improve and then worsen the THD+N after 
passing through a no mismatch point. The determination 
of 


the correct starting direction would be arbitrary. This proce- 
dure still requires a good DVM in addition 
to a distortion 
analyzer. 


Each user will have to determine 
if a small improvement 
in 
full-scale THD+N for their application 
is worth the expense 
of performing 
a proper MSB adjustment. 


The most common application 
for the PCM63P 
is in high- 
performance 
and professional 
digital audio playback, 
such 
as in CD and DA T players. The circuit in Figure 6 shows the 
PCM63P 
in a typical combination 
with a digital 
interface 
format receiver chip (Yamaha YM3623), an 8x interpolating 
digital 
filter (Burr-Brown 
DFI700P), 
and two third-order 
low-pass anti-imaging fIlters (implemented using Burr-Brown 
OPA2604APs). 


Using an 8x digital fIlter increases the number of samples to 
the DAC by a factor of 8, thereby reducing 
the need for a 
higher order reconstruction 
or anti-imaging 
analog filter on 
the DAC output. An analog filter can now be constructed 
using a simple phase-linear 
GIC (generalized 
immittance 
converter) 
architecture. 
Excellent 
sonic 
performance 
is 
achieved using a digital filter in the design, while reducing 
overall circuit complexity 
at the same time. 


Because of its superior low-level performance, 
the PCM63P 
is also ideally suited for other high-performance 
applications 
such as direct digital synthesis 
(DDS). 
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PCM67P/U 
PCM69AP/AU 


DEMO BOARD 
AVAILABLE 


see Appendix A 


Advanced 
1-Bit BiCMOS Dual 18-Bit 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
18-BIT RESOLUTION 
DUAL AUDIO DAC 


• 
EXCELLENT 
THO PERFORMANCE: 
0.0025% (-92dB) 
at FIS, K Grade 


1.0% (-40dB) 
at -60dB, 
K Grade 


• 
HIGH SIN RATIO: 110dB typ (IHF-A) 


• 
DUAL, CO-PHASE 


• 
SINGLE SUPPLY +5V OPERATION 


• 
LOW POWER: 75mW typical 


• 
CAPABLE 
OF 16X OVERSAMPLING 


• 
AVAILABLE 
IN SPACE SAVING 


16-PIN DIP OR 20-PIN SOIC 


• 
OPERATING 
TEMP RANGE: 


-25°C to +85°C 


• 
EXTREMELY 
LOW GLITCH 
ENERGY 


The PCM67 and PCM69A 
dual l8-bit DAC are low 


cost, dual outputl8-bitBiCMOS 
digital-to-analog 
con- 
verters utilizing a novel architecture 
to achieve excel- 


lent low level performance. 


By combining 
a conventional 
thin-film 
R-2R ladder 
DAC, a digital offset technique with analog correction 
and an advanced one-bit DAC using first order noise 
shaping technique, the PCM67 and PCM69A achieve 
high resolution, minimal glitch, and low zero-crossing 
distortion. 


PCM67 digital offset occurs at bit 9, making it ideal for 
high-performance 
CD players. PCM69A digital offset 
occurs at bit 4, making it an excellent choice for digital 
musical instruments 
and audio DSP. 


Both PCM67 and PCM69A operate from a single +SV 
supply. The low power consumption and small size (16- 
pin PDIP or 20-pin SOlC) make these converters 
ideal 
for a variety of digital audio applications. 


~VCOM 
~LCh 


~VroM 
~RCh 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
18 
Brts 


DYNAMIC 
RANGE, THD+N at ~B 
Referred to Full Scale 
106 
dB 


DIGITAL 
INPUT 
logic 
Family 
TTUCMOS 
Compatible 
Logic Level: V1H 
I'H = ±51lA 
+2 
I 
I 


+Vo 
V 


VIL 
III = ±5~A 
0 
0.8 
V 


Data Format 
Serial, MSB First, BTC(') 


Input System Clock Frequency 
16.9344 
MHz 


TOTAL HARMONIC DISTORTION + N('·'·') 
PCM67P/69AP, 
PCM67UI69AU 


I = 991 Hz (OdB) 
Is = 352.8kHz 
-86 
-82 
dB 


I = 991 Hz (-2OdB) 
Is = 352.8kHz 
-68 
dB 


I = 991 Hz (~B) 
Is = 352.8kHz 
-40 
-34 
dB 


PCM67P-JI69AP-J, 
PCM67U-JI69AU-J 
f = 991 Hz (OdB) 
Is = 352.8kHz 
-91 
-68 
dB 


t = 991 Hz (-2OdB) 
Is = 352.8kHz 
-72 
dB 


f = 991Hz (~B) 
Is = 352.8kHz 
-46 
-40 
dB 


PCM67P-K/69AP-K, 
PCM67U-K/69AU-K 


f = 991 Hz (OdB) 
fs = 352.8kHz 
-95 
-92 
dB 


f = 991 Hz (-2OdB) 
fs = 352.8kHz 
-74 
dB 


f = 991 Hz (-8OdB) 
fs = 352.8kHz 
-46 
-40 
dB 


CHANNEL 
SEPARATION 
(I = 1kHz) 
106 
dB 


ACCURACY 
Level Linearity 
at -9OdB Signal level 
±1 
dB 
<C 
Gain Error 
±3 
±10 
% 
en 
Gain Mismatch, 
Channel·l0·Channel 
±1 
±5 
% 
CD 
Gain Drift 
O°C to +700C 
95 
ppm/"C 
r::: 
Warm-up 
TIme 
1 
Minute 
CD 
IDLE CHANNEL 
SNR(5) 
20Hz to 40kHz at BPZ(6) 
110 
dB 
:!: 


ANALOG 
OUTPUT 
0 
Output Range (±3%) 
1.2 
mA 
Q. 


Output Impedance 
(±30%) 
1.8 
kn 


VCOM 
3.35 
3.50 
3.65 
V III 


Glitch Energy 
No Glitch Around Zero 


POWER SUPPLY 
REQUIREMENTS, 
System Clock = 16.9344MHz 
+V., +Vo Supply Voltage 
Range 
+VA = +Vo 
+4.75 
+5.00 
+5.25 
V 
+IAt +10 Combined 
Supply Current 
+V A' +Vo = +SV 
15 
20 
mA 


~ 
Power Dissipation 
+V A, +Vo = +SV 
75 
105 
mW 


TEMPERATURE 
RANGE 
C 


Operating 
-25 
+85 
'C 
ch 
Storage 
-55 
+100 
'C 


NOTES: (1) Binary Two's Complement 
coding. (2) Ratio of (OistortionRMS+ NoiseRMS)/SignaIRMS'(3) D/A converter output frequency!signallevel 
(both left and right 
channels are "on"). (4) D/A converter 
sample frequency 
(8 x 44.1 kHz; ax oversampling 
per channel). 
(5) Ratio of NoiseAMS/SignalAMS' Measured 
using a 40kHz 
3rd-order 
GIC (Generalized 
Immittance 
Converter) 
filter and an A-weighted 
filter. (6) Bipolar Zero. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


PCM67P 
PCM67U 


PCM69AP 
PCM69AU 
DESCRIPTION 
MNEMONIC 


1 
1 
+5V Analog Supply Voltage 
+V. 
2 
2 
Left Voltage 
Common 
LVCOM 
3 
No Connection 
NC 
3 
4 
Left Current Output (0 to 1.2mA) 
L10UT 
4 
5 
Servo 
Oecoupling 
Capacitor 
SRVCAP 


5 
6 
Reference 
Decoupling 
Capacitor 
REFCAP 
6 
7 
Right Current Outpul (0 to 1.2mA) 
RloUT 


8 
No Connection 
NC 
7 
9 
Right Voltage 
Common 
RVCQM 
8 
10 
Analog 
Common 
ACOM 
9 
11 
Digital Common 
DCOM 


12 
Mode Control 2 
MC2 
10 
13 
Right Data Input 
RDATA 
11 
14 
Bit Clock 
BTCK 


12 
15 
System Clock 
SYSCK 
13 
16 
Word Clock 
WDCK 


14 
17 
Left Data Input 
LDATA 


18 
Mode 
Control 3 
MC3 


15 
19 
Mode Control 1 
MC1 


16 
20 
+5V Digital Supply Voltage 
+Vo 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


PCM67P/69AP 
16·Pin Plastic DIP 
180 
PCM67U169AU 
20·Pin SOIC 
248 


+V., +Vo to ACOM, DCOM 
. 
OV to +6.5V 
ACOM to DCOM 
±0.5V 


Digital Inputs to DeOM 
. 
.. 
-{).3V to +Vo + 0.3V 


Power Dissipation 
300mW (U Package), 
500mW (P Package) 


Lead Temperature, (soldering, 10s) 
+260°C 


Max Junction 
Temperature 
+165°C 


NOTE: 
Stresses 
above 
those 
listed under "Absolute 
Maximum 
Ratings· 


may cause permanent damage 
to the device. 
Exposure to absolute 


maximum 
conditions 
for extended 
periods 
may affect device 
reliability, 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
fonnancedegradation 
to complete device failure. Burr-Brown 


Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 
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Data-L 


WDCK 


SYSCLOCK 


BCK 


Data-R 


Lch 
I'O~F 
OUT 


Data-L 


WDCK 


SYSCLOCK 


BCK 


Data-R 
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TYPICAL PERFORMANCE CURVES 


-;6OdB 
I 


F/S 
---- 
I 


5.0 


Vcc(V) 


1.0% 


0.5% 


iD 
l 
"0 
0 
g 
y 
w 
0 


0 
c: 
I 
..• 
•... 
Cl 
-1 


0.2% 


-2 


THO vs TEMPERATURE 
1.0% 
3 


-l)OdB 


0.5% 
l 
iD8 
g 
Y 
w 
0 


0 
c: 
I 
..• 
•... 
Cl 
-1 


0.2% 


-2 


0.01% 


0.005% 


ij)~ 
0I•... 


0.002% 


0.001% 


-25 
0 


-ts -44.1kHz 


-l)OdB, 
- 
- 
/ 


F/S 
/ 


I 
/ 


110 
0.5% 
iD 
iD 
E 
8 
c: 
.Q 
y 
Ji! 
105 
0 
'"c. 
I 
<l> 
•... 
<J) 
0.2'% 


100 


lain Error 


vr 


CCM 


3.70 


3.60 
~ 


:>0" 
> 
3.50 


3.70 


3.60 
~ 
:>0" 
> 


3.50 
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-I-- 


1k 


f(Hz) 


The PCM67 and PCM69A 
are specified to provide critical 


performance 
criteria for a variety of applications. 
The accu- 


racy of a O/A converter is described by the transfer function 
shown in Figure I. 


DIGITAL INPUT CODE 


The PCM67/69A 
accepts Binary Two's Complement 
(BTC) 


digital input code (MSB FIRST).The 
relationship 
of digital 


input to analog output is shown in Table I. 


ANALOG 
OUTPUT 
ANALOG 
OUTPUT 
DIGITAL 
INPUT 
(VOLTAGE) 
(CURRENT) 


7FFFFF (HEX) 
+FSR 
-1.2mA 


00003F (HEX) 
BPZ 
--1J.6mA 
FFFFFF (HEX) 
BPZ - 1LSB 
--1J.59995mA 
80003F (HEX) 
-FSR 
OmA 


GAIN ERROR AND GAIN MISMATCH, 
CHANNEL-TO-CHANNEL 


Gain error is defined as deviation of the output current span 
from the ideal span of 1.2mA (FSR) on each channel. Gain 
error of PCM67/69A 
is typically ±3% of FSR. 


Gain mismatch, 
channel-to-channel 
is defined as the differ- 


ence in gain error between the left channel and right channel. 


THE RELATIONSHIP 
OF VCOM AND IN OUT 


The output current range of PCM67 and PCM69 A is OmA to 
1.2mA as shown in Table I. 


In the typical 
application, 
the non-inverting 
input of the 


external IN op amp is connected to the VCOM pin of PCM67 
and PCM69A. 
Accordingly, 
the output voltage level at FSR 


after IN conversion is VCOM voltage (+3.5V) as shown in 
Figure 2. 


SIN ratio is defined as the ratio of full scale output and no input 
noise level at BPZ point. The PCM67/69A 
is specified 
at 


IIOdB typical with "IHF-A" 
filter. 


Level linearity 
error is defined 
as the deviation 
of actual 
analog output level from digital input level. PCM67/69A 
is 


specified at ldB typical at -90dB 
output level. The O.5LSB 


quantization 
error at -90dB 
of l6-bit conversion 
is equal to 


+1.94dB, -2.5dB. 


THO is a key parameter 
in audio applications, 
THO is a 


measure 
of the magnitude 
and distribution 
of the linearity 
error, differential linearity error, and noise, as well as quanti- 
zation error. To be useful, THO should be specified for both 
high level and low level input signals. This error is unadjustable 
and is the most meaningful 
indicator of O/A converter accu~ 
racy for audio applications. 
~ 


THO is defined as the ratio of the square root of the sum of the 
squares of the values of the harmonics 
to the value of the 


fundamental 
input frequency 
and is expressed 
in percent or 


dB. The rms value of the PCM67/69A 
error referred to the 


input can be shown to be 


where n is the number of samples in one cycle of any given 
sine wave, EL(i) is the linearity 
error of the PCM67 
or 


PCM69 A at each sampling point. THO can then be expressed 
as 


*iJEL 
(i) + EQ(i)J' 


THO = ~ 
= ---;=-'-------x 
100% 
Enns 
Erms 
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This expression indicates that, in general, there is a correlation 
between the TOO and the square root of the sum of the squares 
of the linearity errors at each digital word of interest. How- 
ever, this expression does not mean that the worst-case linear- 
ity error of the D/A is directly correlated to THD. 


For PCM67 
and PCM69A 
the test period is set at an 8X 
oversampling 
rate (352.8kHz = 44.1kHz 
. 8), which is the 
typical sample rate for CD player applications. 


The test signal frequency 
is 991Hz and the amplitude of the 


signal level is F/S (OdB), and --{jOdBdown from F/S. 


All THD tests are performed without a deglitcher circuit and 
without a 20kHz low pass filter. 


SYSTEM 
CLOCK REQUIREMENTS 


The PCM67 and PCM69A need a system clock for the one-bit 
noise shaping DAC operation. 


The PCM67 is capable of only a 384Fs corollary system clock 
frequency such as I92Fs, 96Fs (24 times word rate or integer 
multiple of 24). 


The PCM69A is capable of any system clock up from 48Fs to 
384Fs such as 384Fs, 256Fs, lOOFswith condition for timing 
as described in "Timing of PCM69A" 
in Figure 5. 


The user can choose 
either 
model 
for their 
application. 
Table II shows the different SYSCLK options. 


OTHER CAPABLE 


MODEL 
BASIC SYSCLK 
SYSCLK 


PCM67 
384Fs 
192Fs, 96Fs 


PCM69A 
Any Clock 
(with timing condition) 


Examples: 
384Fs, 300Fs, 256Fs, 200Fs. 90Fs 


LOGIC TIMING 


The serial data bit transfers are triggered on positive bit clock 
(BCK) edges. The serial-to-parallel 
data transfer to the DAC 
occurs on the falling edge of Word Clock (WDCK). 
The 


change in the output of the DAC coincides 
with the falling 
edge of WDCK. 


Refer to Figure 3 for graphical relationships 
of these signals. 
The setup and hold timing relationships 
for these signals are 


shown in Figure 4. 


R-ChData~ 
~ 


L-ChData~~~ 


Bit Clock J1J1J1JUlfU1J1lUlnJUlJ 


WDClock 
~~ 
------\, 
, 


SYS Clock JU1flfL 
~ 
_ 


. 
. 


The PCM67/69A 
accepts TTL compatible 
logic input levels. 


The data format of the PCM67/69A 
is BTC with the most 
significant bit (MSB) being first in the serial input bit stream. 


I tSL, 
ISH. 


l--I~ 
k\JV1J1J\f' 
, 


SYS Clock 
, 
, 
, 


tOH 
, 
-----, 
-----, 


Data 
~~ 
LSB x== 


: 
tpsu: 
tOHO 
: 
I 
I 
I 
, 


BitCloc 
I 
I 
I 
I 
I 
teH I 
tel: 
tew 
'we 
I 
, 
i-I 
I 


WDCIOC~ 
~1} 
~ 


, 
, 
, 
, 
, 
, 


: 
tWH 
: 
tWL 
: 


ISH: SYS Clock High Pulse Width: 
15ns, min 


tSL: 
SYS Clock Low Pulse Width: 15ns, min 
low: Data Valid Time: 2005, min 
tosu: 
Data Setup Time: 
IOns, min 


tDHO: Data Hold Time: 
50S, min 
IeH: 
Bit Clock High Pulse Width: 
15ns. min 


tel: 
Bit Clock Low Pulse Width: 
15ns, min 
tew: 
WD Clock Fall Time 
From Bit Clock Rise: 
IOns, min 


twe: 
Bit Clock Rise Time From WD Clock Fall: 
15ns, min 
tWH: 
WD Clock High Pulse Width: 
1 SYS Clock Cycle, min 
tWl: 
WD Clock Low Pulse Width: 
1 SYS Clock Cycle, min 


TIMING OF PCM69A 


PCM69A timing is similar to PCM67 except that PCM69A is 
capable of operating from any system clock up to 384Fs. For 
synchronized 
operation, PCM69A system clock and WDCK 
timing must be as shown in Figure 5. 


WDC~ 
, 
' 
~1nlt---- 


SYSCL~ 
~",'-- 


SYSCLK 
~ 
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Refer to "Pin Configuration" 
diagram for proper connection 
of the PCM67/69A. 
The PCM67/69A 
requires only a +SV 
supply. Both analog and digital supplies should be tied to- 
gether at a single point, as no real advantage is gained by using 
separate supplies. It is more important that both these supplies 
be as "clean" as possible to reduce coupling of supply noise to 
the output. 


As shown in the "Pin Configuration" 
diagram, various sizes of 
decoupling 
capacitors can be used with no special tolerances 
required. All capacitors should be as close to the appropriate 
pins of the PCM67/69 A as possible to reduce noise pickup 
from surrounding 
circuitry. 


A power supply decoupling capacitor should be used near the 
analog supply pin to maximize 
power supply rejection, 
as 
shown in Figure 6, regardless 
of how good the supplies are. 


Both commons 
should be connected 
to an analog ground 
plane as close to the PCM67/69A 
as possible. 


The value of these capacitors 
is influenced 
by actual board 
layout design and noise from power supplies and other digital 
input lines. 


The best suitable value for the capacitors 
should be deter- 
mined by the user's actual application 
board. 


In case of shift to ±3V swing, OV center 
R 
- VOUT-~-5k!l 
NF- 
1.2mA - 
1.2mA- 


-FSR±(Vs)=-3Vafteroffsetaddition.shiftvollage 


VSHT is given by 
VSHT;: 
VCOM + 3V = 3.5 + 3 ""6.5V 


Offset Current 105is given by 


I 
= VSHT= 6.5V =13mA 
os 
RNF 
SkQ 
. 


Offset Resistor Res is given by 


Roo= Vcc- VCOM= 5- 3.5V =1.15k!l 


'os 
1.3mA 


If the user requires a bipolar voltage output centered around 
OV or one-half of Vee, the output can be shifted by adding an 
offset current on the inverting 
point 'of the IN 
op amp as 
shown in Figure 6. 


FIGURE 7. Useful Application 
Circuit for Shift of IN Out 
Voltage. 


INTERFACE 
CONTROL 
FUNCTION 


Both the PCM67 
and PCM69A (sorc package 
type) are 
capable of 16-bit LIR serial input and 20-bit LIR parallel input 
as shown in Table 3. 


MCI 
MC2 MC3 DATA-R INPUTFORMAT 


0 
1 
0 
16·Bit UR Serialj1} 
J.!Rlbj!1 
WDCK 
0 
1 
1 
16-Bit UR Serial(1) 
LIBJI:lB. WDCK 


1 
1 
0 
18·Bit UR Serial(1} 
~WDCK 


1 
1 
1 
18-Bit UR SerialP) 
LIBJI:lB. WDCK 
0 
1 
X 
20-BIIUR Parallel 


0 
0 
X 
20-BIIUR Parallel [WDCKInvertl 
1 
1 
X 
18·BIIUR Parallel 
1 
0 
X 
18-BilURParallel [WDCKInvert] 


NOTE:(1)Datainpulto Dala·Lch(Pin17)forURserialformat. 


TABLE III. Interface 
Control Function 
of sore. 


PCM67P 
and PCM69AP 
(DIP package) 
have only 18-bit 
LIR serial input function as shown in Table 4. 


MCI 
DATA-R INPUTFORMAT 


0 
0 
18·BilURSerial 
~WDCK 


0 
1 
18-BilURSerial 
LIBJI:lB. WDCK 


1 
X 
18-BilURParallel 
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DGND 


MC2 


BCK 


SYSCLK 


WDCK 
WDCKO 


DOL 


WDCKO 


DOL 


SYSCLK 


WDCK 
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a laser-trimmed, 
current-source 
DAC architecture. 
Unfortu- 
nately, 
this type of technology 
suffers from the problems 
inherent in switching widely varying current levels. Design 
improvements 
have helped, but DACs of this type still exhibit 
low-level nonlinearity 
due to errors at the major carry. 


Recently, DACs employing a different architecture have been 
introduced. 
Most of these DACs utilize a one-bit DAC with 


"noise shaping" techniques and very high oversampling 
rate 
to achieve 
the digital-to-analog 
conversion. 
Basically, 
the 


trade-off is from very accurate but slow current sources to one 
rapidly sampled current source whose average output in the 
audio frequency 
range is equal to the current desired. Noise 


shaping insures that the "undesirable" 
frequencies associated 


with one-bit DAC output lie outside the audio range. 


These "Bitstream", 
"MASH", or one-bit DACs overcome the 
low level linearity 
problems 
of conventional 
DACs, since 
there can be no major carry error. However, this architecture 
exhibits problems of its own: signal-to-noise 
performance 
is 
usually 
worse 
than a similar 
conventional 
DAC, 
"dither 
noise" may be needed in order to get rid of unwanted tones, a 
separate high-speed clock may be required, the part may show 
sensitivity to clock jitter, and a high-order 
low-pass filter is 
necessary to filter the DAC output. 


The PCM67 /69 A is a cross between these two architectures. 
It includes both a conventional 
laser-trimmed, 
current-source 
DAC and an advanced one-bit DAC. The conventional 
DAC 
is a IO-bit DAC where each bit weight has been trimmed to 18- 
bit linearity. The one-bit DAC has a weight equal to bit 10 and 
employs a first-order noise shaper to generate the "bitstream." 


This approach does not eliminate all the problems associated 
with the two architectures 
but rather minimizes them as much 


as possible. The conventional 
DAC still exhibits some major 


carry error which would normally reduce low-level linearity . 
However, to reduce this error even further, the PCM67/69A 
utilizes an offset technique whereby bit n is subtracted from 
the digital input code whenever it is positive (see Figure I and 
Table I). When this is done, an offset current equal to the 


from a one-bit DAC which has also been trimmed to 18-bit 
linearity. While this technique doesn't remove the major carry 
error completely, the "glitch" is only present in higher ampli- 
tude signals where it is much less audible. 


As for the one-bit 
DAC, a number 
of problems 
with this 


architecture are also reduced: the DAC is designed to operate 
from the system clock, thus eliminating the need for a separate 
clock; the lower quantizing 
level of the DAC make it less 
sensitive to clock jitter; and output filtering requirements 
are 


reduced because "out-of-band 
noise" has smaller amplitude, 


is "farther-out," 
and increases much more slowly due to the 


first-order noise shaper. Still, it is important to keep in mind 
that the one-bit DAC imposes some design considerations. 
Figure 2 shows the THD + N of the converter versus "System 
Clock" frequency. This is the clock used to operate the one-bit 
DAC and noise shaper. Generally, the higherthe oversampling 
the better. However, near full-scale, the converter is limited by 
other constraints and higher clock frequencies (past 96f,) tend 
to slightly 
worsen its performance. 
At low levels, perfor- 
mance improves 
almost linearly with increasing 
clock fre- 
quency. The one-bit DAC was designed to operate between 
96f, (4X oversampling) 
and 384f, (l6X overs amp ling). But, 
it can be operated 
at 48f, (2X oversampling) 
with slightly 
reduced performance. 


A key specification 
for audio DACs is usually total harmonic 
distortion plus noise (THD + N). For the PCM67 /69 A, THD 
+ N is tested in production as shown in Figure 12. Digital data 
words are read into the PCM67/69A 
at eight times the stan- 
dard compact 
disk audio sampling 
frequency 
of 44. 1kHz 
(352.8kHz) 
so that a sine wave output of 991Hz is realized .• 
The output of the DAC goes to an I-to- V converter, then to a 
: 
programmable 
gain amplifier to provide gain at lower signal 
output test levels, and then through a 40kHz low pass filter 
before being fed into an analog type distortion analyzer. 
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Use 400Hz High-Pass 
Filter and 30kHz 
Low-Pass 
Filter 
Meter 
Settings 


Programmable 


Gain Amp 
OdB to 60dB 


Low-Pass 


Fitter 
40kHz 3rd-Order 


GIC Type 


I-!o-V 
Converter 
OPA627 


S stem Clock 


Bit Clock 


Word Clock 


Sampling Rate. 
44.1 kHz x 8 (352.8kHz) 
Timing 
Output Frecuency 
• 991 Hz 


Logic 


Digital 


Inl 


PCM67 


or 
PCM69A 


C, 
C, 


R. 


10~F 


680n 
1000pF 


R, 
R, 
680n 
2kn 


1000pF 


Rs 
I 


OUTR-ch 
2.5V± 
1.2V 


C12 


I 
2200pF 
I 


OUTL_Ch 
2.5V± 
1.2V 


C" 
I 2200pF 


+ C, 
I,oo~F 


+ C, 


I'00~F 
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Interleaved 
Digital @ 


Input 
•• 


o 


16,9344MHz 
(192Fs) 


1MO 


10PF. 
10PF. 


¢A 


BCO 
12 


UR 
15 


DA 
17 


10~F 


4,7~F t 
221 


8X Interpolation 
Digital Filter 


DOR 
23 


BCO 
26 


WCK 
25 
28 


DOL 
24 


Burr·8rown 
DF1700P 


100pF 


18·BitD/A 


Converter 


10 
RDATA 


11 
BTCK 
Q 
~...•. 


12 
SYSCK 
LV""", 
2.7kn 
~ 


13 
WDCK 
::::: 
Llour 
~ 
14 
LDATA 
••• 


220pF 
S' 


3,3~F 
Burr-Brown 
~10~F 
:a 
F' ~,,_.. 


CD 
...•. 


5 (Note: 16-Pin DIP) 
5kn 
~ 
~. 
3,3~F 
CD~- 
...•. 


+15V 
4,7~F 
~ 


~ 


~ 
c:;o 


5100 
en 
...•. 


~VOUT 
~ 


Left 
c:: 


4,7~F 
~ 


~ 


§» 
~---- 


?' 
A, to A, = Burr·Brown OPA2604AP 
!'J 
or NE5532 equivalent, 


'-l 
'-l 


BURR - BROWN® 
11:31:31 
PCM1700U 
PCM1700P 


DEMO BOARD 
AVAilABLE 
See Appendix 
A 


Dual 18-Bit Monolithic 
Audio 
DIGITAL-TO-ANALOG 
CONVERTER 


• 
DUAL 
18-BIT 
LOW-POWER 
MONOLITHIC 
AUDIO 
D/A CONVERTER 


• 
VERY LOW MAX THD+N: 
-92dB 
Without 
External 
Adjust 


• 
CO-PHASE, 
LOW-GLITCH 
±3V OR ±670J..LA 
AUDIO 
OUTPUTS 


• 
CAPABLE 
OF 16X PER CHANNEL 
OVERSAMPLING 
RATE 


• 
COMPLETE 
WITH INTERNAL 
REFERENCE 


• 
SERIAL 
INPUT FORMAT 
100% COMPAT- 
IBLE WITH INDUSTRY 
STD PCM56P 


• 
RUNS ON ±5V SUPPLIES 
AND 
DISSIPATES 
300mW 
MAX 


• 
COMPACT 
28-PIN PLASTIC 
DIP 
OR SOIC 


18-Bit 
Serial·to·Parallel 
Shift Register 


18-Brt 
Serial-to-Parallel 


Shift Register 


The PCM1700 
is a low cost, high-performance, 
dual 


18-bit digital-to-analog 
converter. 
The PCM1700 
fea- 
tures low glitch, co-phase current and voltage outputs 
and only requires ±5V supplies. The PCM1700 comes 
complete with an internal reference and optional MSB 
adjustability 
for even greater THD performance. 
Total 
power 
dissipation 
is less than 
400mW 
max. 
Low 


maximum Total Harmonic 
Distortion + Noise (-92dB 


max; PCM1700P-K) 
is 100% tested. 
The very fast 


PCMI700 
is also capable of 16X oversampling 
rates 
on both channels 
simultaneously, 
providing 
freedom 
in output filter selection. 


The PCMI700 
comes in space-saving 
28-pin plastic 


DIP and SOIC packages. 
PCMI700 
accepts a serial 


data input format that is compatible 
with other Burr- 
Brown 
PCM products 
such as the industry 
standard 


PCM56P. 


BURR-BROWN'" 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


PCM1700UIU-JIU-K, 
PCM1700P/P-J/P-K 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
18 
Bits 


DYNAMIC 
RANGE 
+108 
dB 


INPUT 


DIGITAL 
INPUT 


hL 
compatibl~ 
Logic Family 
Logic Level: 
V'H 
+2 
+Voo 
V 
VIL 
0 
+0.8 
V 


I'H 
V1H '" +2.7V 
+1 
!1A 


ill 
V1L = +O.4V 
-50 
~A 


Data Format 
Serial BTCIl) 


Input Clock Frequency 
11.288 
20 
MHz 


DYNAMIC 
CHARACTERISTICS 


TOTAL 
HARMONIC 
DISTORTION 
+ NI') 


PCM1700_. 
I = 991 kHz (OdB) 
Is = 352.8kHz(4) 
-88 
-82 
dB 


1= 991 kHz (-20dB) 
's = 352.8kHz 
-74 
-£8 
dB 


I'N = 991kHz (-£OdB) 
Is = 352.8kHz 
-34 
-28 
dB 


PCM1700_-J: 
1= 991 kHz (OdB) 
Is = 352.8kHz 
-94 
-88 
dB 
1= 991 kHz (-2OdB) 
Is = 352.8kHz 
-76 
-74 
dB 


f = 991 kHz (-£OdB) 
Is = 352.8kHz 
-36 
-34 
dB 


PCM1700_-K: 


f = 991kHz (OdB) 
Is = 352.8kHz 
-98 
-92 
dB 


I = 991kHz (-20dB) 
Is = 352.8kHz 
-80 
-74 
dB 
1= 991 kHz (-£OdB) 
Is = 352.8kHz 
-40 
-34 
dB 


CHANNEL 
SEPARATION 
+96 
+108 
dB 
0 


SIGNAL-TO-NOISE 
RATIO(5) 
20Hz to 20kHz at BPZI') 
+108 
dB 
0 
•..... 


TRANSFER 
CHARACTERISTICS 
,.... 


ACCURACY 
:iE 


Gain Error 
±1 
±3 
% 
0 


Gain Mismatch 
Channel to Channel 
±1 
±3 
% 
a. 


Bipolar Zero Error 
10 
mV 


BPZ Error Mismatch 
Channel to Channel 
5 
mV •• 


BPZ Differential Linearity Error(7) 
±1 
LSB 


Gain Drift 
100 
ppml"C 


Bipolar Zero Drift 
20 
ppm 01FSRrC 
Warm-up Time 
1 
minute 


POWER SUPPLY REJECTION 
±Vcc 
to VOUT 
+86 
dB 
~ 
ANALOG 
OUTPUT 


Voltage: 
Output Range 
±3 
V 
I 
Output Impedance 
0.1 
n 
en 
Current Output 
±2 
mA 
I- 
Capacitive 
Load Drive 
RlOAO = 1.5kn 
TBD 
pF 
0 
Short Circuit Duration 
Indefinite 
Settling Time 
Sufficient to Meet THD+N Specs 
~ 


Glitch Energ 
Meets All THi+N 
Specs Wlout 
Extemal1utput 
Deglitching 
C 


Current: 
Outpul Range 
(±2%) 
±670 
~A 
0 
Output Impedance 
(±2%) 
1.67 
kn 
a: 
POWER SUPPLY 
REQUIREMENTS 
a. 


±Vcc Supply Voltage 
+4.75 
+5.00 
+5.25 
V 
0 


Supply Current: 
+Ice 
+Vcc:= 
+5.0V 
+18 
+30 
mA 
C 
-Ice 
-Vce =-5.0V 
-42 
-£5 
mA 


Power Dissipation 
±Vcc=±5.0V 
280 
475 
mW 
~ 


TEMPERATURE 
RANGE 
<C 
..J 
Specification 
0 
+70 
·C 


~ 
Operating 
-30 
+70 
·C 
Storage 
-£0 
+100 
·C 


NOTES.,( I) BInary TwO·Scomplement 
cOding. (6) RatiO of (OlstortionRMS+ NoiseRUS)I SignalRMs. (3) O/A converter input frequency/signallevel 
on both left and right 
channels. (4) O/A converter sample frequency (8 X 44.1kHz; 8X oversampling 
per channel). (5) Ratio of NoiseRMsl SignalRMs' Measured using an A-weighted 
filter. 


(6) Bipolar zero. 
(7) Differential non-linearity at bipolar major carry input code. Measured in 16-bit LSBs. Adjustable to zero error. 


BURR 
~ BROWN<8 


IElElI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


PIN 
DESCRIPTION 
MNEMONIC 


1 
-5V Analog Supply 
-Vcc 
2 
Left Channel 
Servo-Amp 
Decoupling 
Point 
CAP 


3 
Left Channel 
MSB Adjustment 
MSB ADJ (L) 
4 
No Connect 
NC 


5 
Left Channel Bipolar Offset Decoupling 
Point 
CAP 


6 
Left Channel 
Current 
Output 
lOUT (L) 


7 
Left Channel 
Analog 
Common 
ACOM 
8 
Left Channel 
Summing 
Junction 
SJ (L) 
9 
Left Channel Vohage Output 
VOUT (L) 


10 
No Connect 
NC 
11 
+5V Digital Supply 
+VOD 
12 
Left Channel 
Data 
Input 
DATA 
13 
Clock Input 
CLOCK 
14 
-5V 
Logic Supply 
-VOD 
15 
Latch Enable Input 
LE 
16 
Right Channel Data Input 
DATA (R) 


17 
Digital Common 
DCOM 
18 
No Connect 
NC 
19 
Right Channel Voltage Output 
VOUT (R) 
20 
Right Channel 
Summing 
Junction 
SJ (R) 


21 
Right Channel 
Analog 
Common 
ACOM 
22 
Right Channel 
Current 
Output 
lOUT (R) 


23 
Right Channel 
Bipolar 
OHset 
Decoupling 
Point 
CAP 


24 
Right Channel MSB Adjustment 
MSB ADJ (R) 


25 
Right Channel 
Servo-Amp 
Decoupling 
Point 
CAP 
26 
MSB 
Adjustment 
Potentiometer 
Voltage 
Output 
VPOT 


27 
+5V Analog Supply 
+Vcc 


28 
Digital Common 
DCOM 


fl:M11Jlll 
() 
( ) 


Basic Model 
Number 
1 
__ 
T J 
P: Plastic U: SOIC 
Performance 
Grade 
Gode 


.................................... 
±7.5VDC 


................................................... 
-1V to +Vcc 


................... 
SOOmW 


.............................................. 
-25·C 
to +70·C 
. 
-{;O·C to +100·C 


.. +300·C 


DC Supply Voltages. 
Input Logic Voltage. 


Power 
Dissipation 
. 


Operating 
Temperature 
.. 


Storage 
Temperature 
.. 


Lead Temperature 
(soldering, 
10s) .. 


PIN 
DESCRIPTION 
MNEMONIC 


9 
-5V 
Analog Supply 
-Vcc 


10 
Left Channel Servo-Amp 
Decoupling 
Point 
CAP 


11 
Left Channel MSB Adjustment 
MSB ADJ (L) 


19 
No Connect 
NC 


12 
Left Channel 
Bipolar Offset Decoupling 
Point 
CAP 


13 
Left Channel Current Output 
Io.JT (L) 


14 
Left Channel 
Analog 
Common 
ACOM 
15 
Left Channel 
Summing 
Junction 
SJ (L) 


16 
Left Channel Voltage Output 
VOtJT(L) 


17 
No Connect 
NC 


18 
+5V Digital Supply 
+Voo 
20 
Left Channel Data Input 
DATA 


21 
Clock Input 
CLOCK 


22 
-5V 
Logic Supply 
-Voo 


23 
Latch Enable Input 
LE 
24 
Right Channel 
Data 
Input 
DATA (R) 


25 
Digital Common 
DCOM 
26 
No Connect 
NC 


27 
Right Channel Voltage Output 
Your (R) 


28 
Right Channel 
Summing 
Junction 
SJ (R) 


1 
Right Channel 
Analog 
Common 
ACOM 
2 
Right Channel 
Current 
Output 
10tJT(R) 


3 
Right Channel 
Bipolar Offset 
Decoupling 
Point 
CAP 
4 
Right Channel MSB Adjustment 
MSB ADJ (R) 


5 
Right Channel 
Servo-Amp 
Decoupling 
Point 
CAP 
6 
MSB Adjustment 
Potentiometer 
Voltage 
Output 
VPOT 


7 
+5V Analog Supply 
+Voo 


8 
Digital Common 
DCOM 


NOTE: In the SOIC (PCM1700U) 
package, the die is rotated 90·. Therefore, 
the pin assignments 
are different 
from the DIP. See pin assignments 
on page 


4 for details. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER<') 


PCM1700U 
28-Pin SOIC 
217 


PCM1700U-J 
28-Pin SOIC 
217 
PCM1700U-K 
28-Pin SOIC 
217 
PCM1700P 
28-Pin Plastic DIP 
126 
PCM1700P-J 
28-Pin Plastic DIP 
126 
PCM1700P-K 
28-Pin Plastic DIP 
126 


SURR-SROWN~ 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
I EII:=-I 


__ > 25ns 
> 25ns __ 


-4---> 
60ns-----.. 
~ 


> 15ns 


P13 I fl n n n 
n n n n n n n n n 
(Clock) 
U U U U I -.J U U U U U U U U L 


P12 
v:v:::v::v-:\ 


Data(L)~ 
Msa 


P16 
v:v:::v::v-:\ 


Data(R)~ 
Msa 


P15 
(Latch l_~! 
_ 
Enable) 


~ 
lsa 


~ 
lsa 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


Binary Two's 
Voltage (V) 
Current (mAl 


Complement 
(BTC) 
DAC Output 
VOOT Mode 
lOOT 
Mode 


1FFFF Hex 
+ FS 
+2.99997711 
-j).66999489 


00000 Hex 
BPZ 
0.00000000 
0.00000000 


3FFFF Hex 
BPZ - 
1LSB 
-j).00002289 
+0.00000511 


20000 Hex 
- FS 
-3.00000000 
+0.67000000 


The information provided herein is believed to be reliable; howovor, BURR 
BROWN 
assumos no responsibility for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR· BROWN does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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-Vcc 
DCOM 


CAP 
+Vcc 


MSB Adj (Left) 
VPOT 


NC 
CAP 


CAP 
MSB Adj (Right) 


lOUT (Left) 
CAP 


ACOM (Left) 
lOUT (Right) 


SJ (Left) 
ACOM (Right) 


VOUT (Left) 
SJ (Right) 


NC 
VOUT (Right) 


+VOD 
NC 


0.47~FI 
DATA (Left) 
DCOM 


-::- 
Clock 
DATA (Right) 


-VOD 
LE 
15 


0.47~FI 


+5V10~Fi 


-vcc 
DCOM 


CAP 
+Vcc 


MSB Adj (Left) 
VPOT 


NC 
CAP 


CAP 
MSB Adj (Right) 


lOUT (Left) 
CAP 


ACOM (Left) 
lOUT (Right) 


SJ (Left) 
ACOM (Right) 


VOUT (Left) 
SJ (Right) 


NC 
VOUT (Right) 


+VOD 
NC 


0.47~FI 
DATA (Left) 
DCOM 


-::- 
Clock 
DATA (Right) 


-VOD 
LE 


0.47~FI 


-::- 


I 
I 
I 
I 
I 
I 
I 
I 
I 


01 F 
Optional Bit I 


. 
~ 
Adjust Circuit I 
________ 
...J 


NOTES: 
(1) Low TCR resistors 
such as Vishay. 


BURR - BROWN® 
IElElI 
PCM1702P 
PCM1702U 


BiCMOS Advanced Sign Magnitude 20-Bit 
DIGITAL-TO-ANALOG CONVERTER 


• 
ULTRA LOW -96dB 
max THD+N 
(No External 
Adjustment 
Required) 


• 
NEAR-IDEAL 
LOW LEVEL OPERATION 


• 
GLITCH-FREE 
OUTPUT 


• 
120dB SNR TYP (A-Weight 
Method) 


• 
INDUSTRY 
STD SERIAL 
INPUT FORMAT 


• 
FAST (200ns) 
CURRENT 
OUTPUT 
(±1.2mA) 


• 
CAPABLE 
OF 16X OVERSAMPLING 


• 
COMPLETE 
WITH REFERENCE 


• 
LOW POWER (150mW typ) 


The PCM1702 
is a precision 
20-bit digital-to-analog 
converter with ultra-low distortion (-96dB 
typ with a 
full scale output). Incorporated 
into the PCM 1702 is 
an advanced 
sign magnitude 
architecture 
that elimi- 


nates unwanted glitches and other nonlinearities around 
bipolar zero. The PCM 1702 also features a very low 
noise (l2OdB typ SNR: A-weighted 
method) and fast 
settling current output (200ns typ, 1.2mA step) which 
is capable of 16X oversampling 
rates. 


Applications 
include 
very low distortion 
frequency 
synthesis 
and high-end 
consumer 
and professional 
digital audio applications. 


DCOM0--- 
ACOM0--- 


+vcc 0--- 
-vcc 0--- 


Clock 0-- 
InputShift Register 
Data0--- 
andControlLogic 


LEO--L- 
---I 


Reference 


and 


Servo 


BURR-BROWNe 
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For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


PCM1702PIU, 
...I, ·K 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
20 
Bits 


DYNAMIC 
RANGE, 
THO + N at -6OdB 
Referred 
to Full Scale, with 
A-weight 
110 
dB 


DIGITAL 
INPUT 


Logic Family 
nUCMOS 
Compatible 


Logic Level: 
V,H 
+2.4 


I 
I 


+VOD 
V 
VIL 
0 
0.8 
V 


I'H 
V1H:: 
+Voo 
±10 
~A 


I'L 
V,L: 
OV 
±1Q 
~ 
Data Format 
Serial, MSB First, BTCII) 


Input Clock Frecuency 
12.5 
20.0 
MHz 


TOTAL 
HARMONIC 
DISTORTION 
+ NIZl 


P/U 
Va = OdB 
Is = 352.8kHz13l, f = 1002HzI'l 
-92 
-88 
dB 


Va: 
-20dB 
Is = 352.8kHz13l, f = 1002HzI'l 
-82 
-74 
dB 
Va = -60dB 
Is = 352.8kHz13l, f = l002Hzl'l 
--46 
--40 
dB 
PIU, -J 
Va = OdB 
Is = 352.8kHz13l, I = 1002HzI'l 
- 
-96 
-92 
dB 
Va = -20dB 
fs = 352.8kHz13l, I = 1002HzI') 
-83 
-76 
dB 


Va = -80dB 
fs = 352.8kHz(3), f = 1002HzI') 
--48 
--42 
dB 
P/U, -K 
Va = OdB 
fs = 352.8kHz(3), I = 1002Hzl') 
-100 
-96 
dB 
Va = -20dB 
fs = 352.8kHz(3), I = 1002HzI') 
-84 
-80 
dB 
Va = -80dB 
fs: 
352.8kHz(3), I = 1002Hzl') 
-50 
--44 
dB 


ACCURACY 
Level Linearity 
At -9OdB Signal Level 
±O.5 
dB 
Gain Error 
±O.5 
±3 
% 


Bipolar Zero Error(5) 
- 
±O.25 
% 


Gain Drift 
O°C to 70'C 
±25 
ppm of FSR/oC 


Bipolar Zero Drift 
O°C to 70'C 
±5 
ppm of FSR/oC 


Warm-up 
Time 
1 
minute 


IDLE CHANNEL 
SNR(6) 
Bipolar Zero. A-weighted 
Filter 
110 
120 
dB 


ANALOG 
OUTPUT 
Output Range 
±1.2 
mA 
Output Impedance 
1.0 
kQ 


Settling Time 
(±0.003% 
of FSR, 1.2mA Step) 
200 
ns 


Glitch Energy 
No Glitch Around Zero 


POWER SUPPLY 
REQUIREMENTS 


Supply Voltage Range: +Vcc = +VOD 
+4.75 
+5.00 
+5.25 
V 


-Vcc:: 
-VCD 
--4.75 
-5.00 
-5.25 
V 
Combined 
Supply Current: +lcc 
+Vcc :: +VOD = +SV 
+5.00 
+9.0 
mA 
Combined 
Supply Current: -Ice 
-Vcc = -VOD;: 
-5V 
-25.00 
--41.0 
mA 
Power Dissipation 
±Vcc 
:E ±VOD 
:: ±5V 
150 
250 
mW 


TEMPERATURE 
RANGE 


Operating 
-25 
+85 
°C 


Storage 
-55 
+125 
°C 


NOTES: 
(1) Binary 
Two's 
Complement 
coding. 
(2) Ratio of (DistortionRWs + NoiseRMS)/SignaIRMS' (3) D/A 
converter 
sample 
frequency 
(8 x 44.1 kHz; 8x 


Dversampling). 
(4) D/A converter 
output frequency 
(signal level). (5) Offset error at bipolar zero. (6) Measured 
using an OPA627 
and 5k!l feedback 
and an A- 
weighted 
filter. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR· BROWN assumes 


no responslblhty for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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Power Supply Voltage .. 
.. 
±6.5VDC 
Input Logic Voltage 
DGND---D.3V-+Voo+0.3V 
Operating Temperature.. 
. 
-25°C to +85°C 
Storage Temperature.. 
.... -55°C to +125°C 
Power Dissipation. 
. 
500mW 
Lead Temperature 
(soldering, 
105).. 
.. 
260°C 


PIN 
MNEMONIC 
PIN 
MNEMONIC 


1 
DATA 
9 
+Vcc 


2 
CLOCK 
10 
BPO DC 


3 
+VOD 
11 
lOUT 
4 
DCOM 
12 
ACOM 
5 
-VOD 
13 
ACOM 


6 
LE 
14 
SERV DC 
7 
NC 
15 
REF DC 
8 
NC 
16 
-Vec 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


PCM1702P 
16-Pin Plastic DIP 
180 
PCM1702U 
20-Pin Plastic SOP 
248 


Power Suppiy Voitage .. 
. 
±6.5VDC 
Input Logic Vottage .. 
.. 
DGND---D.3V-+Voo+0.3V 
Operating Temperature.. 
. 
-25°C 
to +85°C 
Storage Temperature.. 
.. -55°C to +125°C 


Power Dissipation. 
. 
. 
300mW 
Lead Temperature 
(soldering, 55) 
260°C 


PIN 
MNEMONIC 
PIN 
MNEMONIC 


1 
DATA 
11 
+Vcc 


2 
CLOCK 
12 
BPO DC 
3 
NC 
13 
NC 
4 
+VOD 
14 
lOUT 


5 
DCOM 
15 
ACOM 
6 
-VOD 
16 
ACOM 
7 
LE 
17 
SERV DC 
8 
NC 
18 
NC 
9 
NC 
19 
RFE DC 


10 
NC 
20 
-Vec 


MODEL 
PACKAGE 


PCM1702U 
Marked PCM1702. 


PCM1702U-J 
Marked with white dot by pin 10. 


PCMI702U-K 
Marked with red dot by pin 10. 


0= 
SOP 


D 
= DIP 


BURR 
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-40 


-60 


iD 
:!l. 
z 
-60 
+0If- 


-100 


~ 


f-- 


-tiBI 
f-- 


f-- 


-tdBI 


f-- 
- 
20 B - 
1\ 
- 
- 
O,B 
~ 


- 
- 
lk 


Output Frequency (Hz) 


16-BIT LEVEL LINEARITY 
(Dithered Fade-to-Noise) 


iD 
:!l. 
0;>" 
--J 
n;"~ 
E~ -2 
<=0~ -4 
.;; 
" 
0 
-6 


-6 


-120 
-110 
-100 
-90 
-60 
-70 
-60 


Output Signal Level (dB) 


-90dB 
SIGNAL SPECTRUM 
16-BIT MONOTONICITY 
(100Hz Bandwidth) 


1.5 
-60 


;;- 
iD 
-100 
.s 
0.5 
:!l. 


" 


E 
0> 
i-120 


J!!0> 
en 
" 
Q; 
% 
-<l.5 
;< 
0 
0 
0.. 
-140 


-1 


-1.5 
-160 


8.83msJdiv 
4k 
8k 
12k 
16k 
20k 


Frequency (Hz) 


800 
1200 


Time (~s) 


800 
1200 


Time (~s) 
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ADVANCED 
SIGN MAGNITUDE 
Digital audio systems have traditionally 
used laser-trimmed, 


current-source 
DACs in order to achjeve sufficient accuracy. 
However, 
even the best of these suffer from potential 
low- 
level nonlinearity 
due to errors at the major carry bipolar 


zero transition. 
More recently, DACs employing 
a different 
architecture 
which 
utilizes 
noise 
shaping 
technjques 
and 
very high over-sampling 
frequencies, 
have been introduced 
("Bitstream", 
"MASH", 
or I-bit DAC). These DACs over- 
come the low level linearity problem, but only at the expense 
of signal-to-noise 
performance, 
and often to the detriment of 
channel 
separation 
and intermodulation 
distortion 
if the 
succeeding 
circuitry 
is not carefully 
designed. 


The PCM 1702 is a new solution to the problem. It combines 
all the advantages 
of a conventional 
DAC (excellent 
full 


scale performance, 
high signal-to-noise 
ratio and ease of 


use) with superior 
low-level 
performance. 
Two DACs are 
combined 
in a complementary 
arrangement 
to produce 
an 


extremely 
linear output. The two DACs share a common 
reference, and a common R-2R ladder for bit current sources 
by dual balanced current segments to ensure perfect tracldng 
under all conditions. 
By interleaving 
the individual 
bits of 


each DAC and employing 
precise laser trimming 
of resis- 


tors, the highly accurate match required between 
DACs is 


achieved. 


This new, complementary 
linear or advanced 
sign magni- 


tude approach, which steps away from zero with small steps 
in both directions, 
avoids any glitching or "large" 
linearity 


errors and provides an absolute current output. The low level 
performance 
of the PCM1702 
is such that real 20-bit reso- 
lution can be realized, especially 
around the critical bipolar 
zero point. 


Table I shows the conversion 
made by the internal logic of 
the PCMI702 
from binary two's complement 
(BTC). Also, 


the resulting 
internal codes to the upper and lower DACs 


(see front page block diagram) 
are listed. Notice that only 


the LSB 
portions 
of either 
internal 
DAC 
are changing 


around bipolar zero. This accounts for the superlative 
per- 
formance 
of the PCM 1702 in this area of operation. 


DYNAMIC 
SPECIFICATIONS 


Total Harmonic 
Distortion 
+ Noise 
The key specifications 
for the PCM1702 
is total harmonic 


distortion 
plus noise (THD+N). 


Digital data words are read into the PCM 1702 at eight times 
the standard 
compact 
disk 
audio 
sampling 
frequency 
of 


44. 1kHz (352.8kHz) 
so that a sine wave output of 1002Hz 


is realized. 


For production 
testing, the output of the DAC goes to an 
I to V converter, 
then through a 40kHz low pass filter, and 
then to a programmable 
gain amplifier 
to provide 
gain at 
lower 
signal 
output 
test levels 
before 
being 
fed into an 
analog-type 
distortion 
analyzer. 
Figure 
I shows 
a block 
diagram of the production 
THD+N 
test setup. 


For 
the 
audio 
bandwidth, 
THD+N 
of the PCM1702 
is 


essentially 
flat for all frequencies. 
The typical performance 
curve, "THD+N vs Frequency", 
shows four different output 


signal 
levels: 
OdB, -20dB, 
-40dB, 
and -60dB. 
The test 


signals 
are derived 
from a special compact 
test disk (the 


CBS CD-I). 
It is interesting 
to note that the -20dB 
signal 
falls only about 10dB below the full scale signal instead of 
the expected 2JdB. This is primarily due to the superior low 
level signal performance 
of the advanced 
sign magnitude 
architecture 
of the PCM1702. 


In terms of signal measurement, 
THD+N 
is the ratio of 


DistortionRMs+ NoiseRMsiSignal ••1S expressed in dB. For the 
PCM1702, 
THD+N 
is 100% tested 
at all three 
specified 
output levels using the test setup shown in Figure 
I. It is 


significant 
to note that this test setup does not include any 


output deglitching 
circuitry. All specifications 
are achieved 
without the use of external deglitchers. 


Dynamic 
Range 
~ 


Dynamic range in audio converters 
is specified as the mea-~ 


sure of THD+N at an effective output signal level of -60dB 
referred to OdB. Resolution 
is commonly 
used as a theoreti- 


cal measure 
of dynamic 
range, 
but it does not take into 


account 
the effects 
of distortion 
and noise 
at low signal 
levels. 
The advanced 
sign magnitude 
architecture 
of the 


PCM1702, 
with its ideal performance 
around bipolar zero, 


provides a more usable dynamic range, even using the strict 
audio definition, 
than any previously 
available 
D/A con- 
verter. 


INPUT CODE 
LOWER DAC CODE 
UPPER DAC CODE 
ANALOG 
OUTPUT 
(2G-bit Binary Two's Complement) 
(19-bit 
Straight 
Binary) 
(19-bit 
Straight 
Binary) 


+Ful1 Scale 
011 ..111 
111 ..111+1LSBll) 
111 ..111 
+Full Scale -1 LSB 
011 ..110 
111 .. 111+1LSB(1) 
111 ..110 
Bipolar Zero +2LSB 
000 ..010 
111 ..111+1LSBI" 
000 . .010 


Bipolar Zero +1LSB 
000 ..001 
111 ..111+1LS8(l) 
000 ..001 


Bipolar Zero 
000 ..000 
111...111+1LSBI') 
000 ..000 
Bipolar Zero -1 LSB 
111 ..111 
111...111 
000 ..000 
Bipolar Zero -2LSB 
111 ..110 
111...110 
000. .000 


-Full 
Scale 
+lSB 
100. .001 
000 ...001 
000 ..000 


-Full 
Scale 
100 . .000 
000 ...000 
000 ..000 


NOTE: (1) The extra weight of 1LSB is added at this point to make the transfer function symmetrical 
around bipolar zero. 


TABLE I. 
Binary Two's Complement 
to Sign Magnitude 
Conversion 
Chart. 
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Use 400Hz High·Pass 
Filter and 30kHz 
Low-Pass 
Filter 
Meter Settings 


Level Linearity 
Deviation from ideal versus actual signal level is sometimes 
called "level linearity" in digital audio converter testing. See 
the "-90dB 
Signal 
Spectrum" 
plot in the Typical 
Perfor- 


mance Curves section for the power spectrum of a PCM 1702 
at a -90dB output level. (The "-90dB 
Signal" plot shows the 
actual -90dB 
output of the DAC). The deviation from ideal 


for PCM1702 
at this signal 
level is typically 
less than 


±0.3dB. For the "-IIOdB 
Signal" plot in the Typical Perfor- 
mance Curves 
section, 
true 20-bit digital code is used to 
generate a-II 
OdB output signal. 


This type of performance 
is possible 
only with the low- 


noise, near-theoretical 
performance 
around bipolar zero of 


the PCM1702 
advanced 
sign magnitude. 


A commonly 
tested digital audio parameter is the amount of 
deviation from ideal of a 1kHz signal when its amplitude is 
decreased form -60dB to -120dB. 
A digitally dithered input 


signal 
is 
applied 
to reach 
effective 
output 
levels 
of 


-12OdB using only the available 
16-bit code from a special 


compact disk test input. See the "16-bit Level Linearity" plot 
in the Typical Performance 
Curves section for the results of 
a PCM1702 
tested using this 16-bit dithered fade-to-noise 
signal. Note the very small deviation from ideal as the signal 
goes from -{)OdB to -IOOdB. 


DC SPECIFICATION 


Idle Channel SNR 
Another 
appropriate 
specification 
for a digital audio con- 


verter 
is idle channel 
signal-to-noise 
ratio 
(idle channel 


SNR). This is the ratio of noise on the DAC output at bipolar 
zero in relation to the full scale range of the DAC. To make 
this measurement, 
the digital input is continuously 
fed the 
code for bipolar zero, while the output of the DAC is band- 
limited 
from 20Hz to 20kHz 
and an A-weighted 
filter is 
applied. The idle channel SNR for the PCM1702 is typically 
greater than 120dB. making it ideal for low-noise 
applica- 


tions. 


IloV 
Converter 
OPA627 


Monotonicity 
Because of the unique advanced sign magnitude architecture 
of the PCM1702, 
increasing 
values 
of digital 
input will 


always 
result in increasing 
values 
of DAC output 
as the 
signal moves away from bipolar zero in one-LSB 
steps (in 
either 
direction). 
The 
"16-bit 
Monotonicity" 
plot 
in the 


Typical 
Performance 
Curves 
section 
was generated 
using 


16-bit digital code from a test compact disk. The test starts 
with 
10 periods 
of bipolar 
zero. Next are 
10 periods 
of 
alternating 
lLSBs 
above 
and below 
zero, 
and 
then 
10 


periods of alternating 
2LSBs above and below zero, and so 


on until 
IOLSBs above and below zero are reached. 
The 
signal pattern then begins again at bipolar zero. 


With PCM1702, 
the low-noise steps are clearly defined and 
increase 
in near-perfect 
proportion. 
This 
performance 
is 
achieved 
without 
any external 
adjustments. 
By contrast, 


sigma-delta 
("Bit-stream", 
"MASH", 
or I-bit DAC) archi- 


tectures are too noisy to even see the first 3 or 4 bits change 
(at 16 bits), other than by a change in the noise level. 


Absolute 
Linearity 


Even though absolute integral and differential linearity specs 
are not given for the PCM1702, 
the extremely low THD+N 
performance 
is typically indicative of 17-bit integral linearity 


in the DAC. The relationship between THD+N and linearity, 
however, is not such that an absolute linearity specification 
for every individual output code can be guaranteed. 


Offset, Gain, and Temperature 
Drift 


Although 
the PCM1702 
is primarily 
meant for use in dy- 
namic applications, 
specifications 
are also given for more 
traditional 
DC parameters 
such as gain error, bipolar 
zero 
offset error, and temperature 
gain and offset drift. 


DIGITAL INPUT 


Timing Considerations 
The PCM1702 
accepts TTL compatible 
logic input levels. 
The data format of the PCM1702 
is binary two's 
comple- 
ment (BTC) with the most significant 
bit (MSB) being first 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
INSTAllATION 
in the serial input bit stream. Table II describes 
the exact 
relationship 
of input data to voltage 
output 
coding. 
Any 
number of bits can precede the 20 bits to be loaded, since 
only the last 20 will be transferred 
to the parallel 
DAC 
register 
after 
Latch 
Enable 
(Pin6 
<PCM l702P>, 
Pin7 
<PCM1702U>, 
LE) has gone low. 


All DAC serial input data (Pinl, 
DATA) bit transfers 
are 
triggered 
on positive 
clock 
(Pin2, 
CLOCK), 
edges. 
The 
serial-to-parallel 
data transfer 
to the DAC occurs 
on the 
falling edge of Latch Enable. The change in the output of the 
DAC occurs at a rising edge of the 4th clock of the CLOCK 
after the falling edge of Latch Enable. Refer to Figure 2 for 
graphical 
relationships 
of these signals. 


Maximum 
Clock Rate 


A typical clock rate of 16.9MHz for the PCMI702 
is derived 


by multiplying 
the standard audio sample rate of 44.1 kHz by 
sixteen times (l6X over-sampling) 
the standard audio word 
bit length of 24 bits (44.1kHz 
x 16 x 24 = l6.9MHz). 
Note 
that this clock rate accommodates 
a 24-bit word length, even 
though only 20 bits are actually being used. The setup and 
hold timing relationships 
are shown in Figure 3. 


"Stopped 
Clock" Operation 


The PCMl702 
is normally operated with a continuous clock 
input signal. If the clock is to be stopped between input data 
words, the last 20 bits shifted in are not actually shifted from 
the serial register to the latched parallel DAC register until 
Latch Enable goes low. Latch Enable must remain low until 
after the fust clock cycle of the next data word to insure 
proper DAC operation. In any case, the setup and hold times 
for Data and LE must be observed 
as shown in Figure 3. 


nlGITAL 
INPUT 
ANALOG 
OUTPUT 
CURRENT 
OUTPUT 


1.048.576LSBs 
Full Scale Range 
2.40000000mA 


1LSB 
NA 
2.28882054nA 
7FFFFHEX 
+Full Scale 
-1.19999771mA 


OOOOOHEX 
Bipolar Zero -1LSB 
O.OOOOOOOOmA 
80000HEX 
-Full 
Scale 
+1.20000000mA 


Clock lJ1J1Jl.n 
I' 


Data~ 


MSB 
' 


POWER SUPPLIES 
Refer to CONNECTION 
DIAGRAM 
for proper connection 
of the PCM1702. 
The PCM1702 
only requires a ±5V sup- 
ply. Both positive supplies should be tied together at a single 
point. Similarly, both negative supplies should be connected 
together. 
No real advantage 
is gained 
by using 
separate 
analog and digital supplies. 
It is more important 
that both 
these supplies be as "clean" 
as possible to reduce coupling 
of supply 
noise to the output. 
Power 
supply 
decoupling 
capacitors 
should be used at each supply pin to maximize 
power supply rejection, 
as shown in CONNECTION 
DIA- 
GRAM 
regardless 
of how 
good 
the 
supplies 
are. Both 
commons should be connected to an analog ground plane as 
close to the PCM 1702 as possible. 


FILTER CAPACITOR 
REQUIREMENTS 


As shown 
in CONNECTION 
DIAGRAM, 
various 
size 
decoupling capacitors can be used, with no special tolerances 
being required. The size of the offset decoupling capacitor is 
not critical either, with larger values (up to lOO~) 
giving 
slightly better SNR readings. All capacitors should be as close 
to the appropriate pins of the PCMl702 
as possible to reduce 
noise pickup from surrounding 
circuitry. 


Latch i: 
Enable 
. 
.....- > 15n5 -... 
.' 


-- 
__ 
> One Clock Cycle ..•.. 
__ 
> One Clock Cycle -- 


'I 
~ 
LSB 


Latch l c= 
I L 
Enable 


lOUT 
X 
N·' 
X 


NOTES: 
(1) If clock is stopped between 
input of 20·bit data words, ~Latch" Enable (LE) must remain low until after the first clock cycle of the next 20-bit data 
word stream. 
(2) Data format is binary two's complement 
(BTC). 
Individual data bits are clocked in on the corresponding 
positive clock edge. 
(3) Latch Enable 


(LE) must remain low at least one clock cycle after going negative. 
(4) Latch Enable 
(LE) must be high for at least one clock cycle before going negative. 
(5) 


lOUTchanges 
on positive going edge of the 4th clock after negative 
going edge of Latch Enable 
(LE). 
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11 C" 
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.$?Ieteqb£"~~ Stereo Audio 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
COMPLETE 
STEREO 
DAC: 
8X Oversampling 
Digital Filter 
Multi-Level 
Delta-Sigma 
DAC 
Analog 
Low Pass Filter 
Output 
Amplifier 


• 
HIGH PERFORMANCE: 
-92dB 
THO+N 
98dB Dynamic Range 
110dB SNR 


• 
ACCEPTS 
16 OR 20 BITS INPUT DATA 


• 
SYSTEM 
CLOCK: 
256fs or 384fs 


• 
SINGLE 
+5V POWER 
SUPPLY 


• 
ON-CHIP 
DIGITAL 
FILTER: 
Soft Mute and Attenuator 
Digital De-emphasis 
Double-Speed 
Dubbing 
Mode 


• 
SMALL 
28-PIN SOIC PACKAGE 


The PCM1710 
is a complete 
stereo audio digital-to- 


analog converter, including digital interpolation 
filter, 


delta-sigma DAC, and analog voltage output. PCM1710 
can accept either 16-bit normal or 20-Bit normal input 
data (MSB first, right justified), 
or 16-bit IIS data 
(32-bits per word, continuous 
clock). 


The digital filter performs 
an 8X interpolation 
func- 
tion, as well as special functions 
such as soft mute, 


digital 
attenuation, 
de-emphasis 
and 
double-speed 


dubbing. 
Performance 
of the digital feature is excel- 
lent, 
featuring 
-62dB 
stop 
band 
attenuation 
and 


±O.OO8dB ripple in the pass band. 


PCMl710 
is suitable for a wide variety of consumer 
applications 
where 
good 
performance 
is required. 


Its low cost, small size and single +SV power supply 
make it ideal for automotive 
CD players, 
bookshelf 


CD 
players, 
BS tuners, 
keyboards, 
MPEG 
audio, 


MIDI 
applications, 
set-top 
boxes, 
CD-ROM 
drives, 


CD-Interactive 
and CD-Karaoke 
systems. 


Input Intertace 
4!h.Qrder B 


Lch OUT 


and 
Oversampling 
Mu~-Level 
Low-Pass 
Output 


Digitalin 
Attentuator 
DignaJ Finer 
Delta 
Filter 
OpAmp 
Sigma 
Rch OUT 


Mode Control 
System Ciock 
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SPECIFICATIONS 


PCM1710U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
20 
Bits 


DIGITAL INPUT 
Logic Family 
Input Logic Level (except XTI) 


V,H 
2.0 
VDC 


V,L 
0.8 
VDC 


Input Logic Current (except XTI) 
-200 
IlA 


Input Logic Level (XTI) 


V,H 
3.2 
VDC 


VIL 
~ 
1.4 
VDC 
Input Logic Current (XTI) 
±50 
~A 
Output Logic Level (CLKO): 
If,;~ 
.'=' 


VQH 
4.5 
VDC 


VOL 
0.5 
VDC 


Output Logic Current (CLKO) 
±10 
mA 


Data Format 
Normal (16/20-bit)/IIS 
(16-bit) selectable 


Sampling 
Frequency 
32 
44.1 
48 
kHz 


System 
Clock Frequency 
384ts 
12.288 
16.934 
18.432 
MHz 


System 
Clock 
Frequency 
256fs 
8.192 
11.2894 
12.288 
MHz 


DC ACCURACY 


Gain Error 
±1.0 
±5.0 
% ot FSR 


Gain Mis-Match 
Channel- Ta-Channel 
±1.0 
±5.0 
%of 
FSR 


Bipolar Zero Error 
Vo:: 
1/2Vcc 
at Bipolar Zero 
±20.0 
mV 
Gain Drift 
±50 
ppm of FSRrC 


Bipolar Gain Drift 
±20 
ppm of FSRrC 


DYNAMIC PERFORMANCEI') 
THD+N at FIS (OdB)") 
fiN' 
991 kHz 
-92 
-88 
dB 
THD+N at-80fdBI') 
fiN = 991kHz 
-36 
-32 
dB 


Dynamic 
Range 
E)AJ A-weighted 
98 
dB 


SIN Ratio 
EIAJ A-weighted 
104 
110 
dB 
Channel 
Separation 
90 
94 
dB 


DIGITAL FILTER PERFORMANCE 
Pass Band Ripple 
Normal 
Mode 
±0.OO8 
dB 
Pass Band Ripple 
Double Speed Mode 
±0.D18 
dB 
Stop Band Attenuation 
Normal Mode 
-82 
dB 


Stop Band Attenuation 
Double Speed Mode 
-58 
dB 
Pass Band 
Normal Mode 
0.4535 
Is 


Pass Band 
Double Speed Mode 
0.4535 
fs 


Stop Band 
Normal Mode 
0.5465 
fs 


Stop Band 
Double Speed Mode 
0.5465 
fs 


De·emphasis 
Error 
(Is 32kHz - 48kHz) 
-<l.05 
+0.03 
dB 


ANALOG OUTPUT 
Voltage 
Range 
3.2 
Vp-p 
Load Impedance 
5 
k!l 


Center Voltage 
+ll2Vcc 
V 


POWER SUPPLY REQUIREMENTS 


Voltage 
Range: 
+Vcc 
+4.5 
+5.0 
+5.5 
VDC 
+Voo 
+4.5 
+5.0 
+5.5 
VDC 


Supply Current 
(+Icel + (+100) 
45 
70 
mA 


TEMPERATURE 
RANGE 


Operation 
-25 
+85 
°C 
Storage 
-55 
+100 
°C 


The information provided herein is believed to be reliable: however. 
BURR-BROW 
assumes 
no responsibility for inaccuracie~ or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information. 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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Mode 
Controls 
and Clock 
Signals 


CLKO 
4 
Buffered Output 01 Oscillalor. 
Equivalent 
to Is. 


XTI 
5 
Oscillator Input (External Clock Input). For an internal clock, tie XTI to one side of the crystal oscillator. For an external clock, 
tie XTI to the output of the chosen external clock. 


Oscillator Output. When using the internal clock, tie to the opposite side (from pin 5) of the crystal oscillator. When using an 
external clock. leave XTO open. 


System Clock Select. For 384fs, lie CKSL "High". For 2561s, tie CKSL "Low". 


Operation 
Mode Select. For serial mode, tie MODE "High". For parallel mode, tie MODE "Low". 


Mute Control. To disable soft mute, tie MUTE "High". To enable soft mute, tie MUTE "Low". 


Mode Control lor DatalOe-emphasis. 
See "Mode Control Functions" on page 11. 


Mode Control for BCKINIOe-emphasis. 
See "Mode Control Functions" on page 11. 


Mode Control for WOCK/Double 
speed dubbing. 
See "Mode Control Functions· 
on page 11. 


PIN NAME 


Input Interface 
Pins 


LRCIN 
1 


DIN 
2 


BCKIN 
3 


CKSL 


MODE 


MUTE 


MD/DMI 


MC/DM2 


MUDSD 


Analog 
Functions 


VQUTR 
13 


VourL 
16 


Sample Rate Clock Input. Controls the update rate (ts). 


Serial Data 
Input. MSB first, right justified format contains 
a frame of 16-bit or 20-bit data. 


Bit Clock Input. Clocks in the data present on DIN input. 


Right Channel Analog Output. 


Left Channel Analog Oulput. 


Power 
Supply 
Connections 


DGND 
7, 22 
Digital Ground. 


VOD 
8, 21 
Digital Power Supply (+5V). 


Vcc2R 
9 
Analog Power Supply (+5V), Right Channel DAC. 


AGND2R 
10 
Analog Ground (DAC), Right Channel. 


EXT1 R 
11 
Output Amplifier Common, Right Channel. Bypass to ground with a 10llF capacitor. 


EXT2R 
12 
Output Amplifier 
Bias, Right Channel. Connect to EXTI R. 


AGND 
14 
Analog Ground. 


Vcc 
15 
Analog Power Supply (+5V). 


EXT2L 
17 
Oulput Amplifier 
Bias, Left Channel. Connect to EXTI L. 


EXT1L 
18 
Output Amplifier Common, Left Channel. Bypass to ground with a 10llF capacitor. 


AGND2L 
19 
Analog Ground (DAC), Left Channel. 


Vcc2L 
20 
Analog Power Supply (+5V), Left Channel 
DAC. 


Power Supply Voltages. 
.. 
±6.5VDC 


+Vcc to VOD Voltage 
±0.1V 
Input Logic Voltage 
-o.3V 
to VOD +0.3V 
Power Dissipation 
. 
400mW 
Operating Temperature Range 
-25°C to +85°C 
Storage Temperature Range 
-55°C to +125°C 
Lead Temperature (soldering, 5s).. 
+260°C 
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LRCIN 
MUDSD 


DIN 
MCIDM2 


BCKIN 
MDIDM1 


CLKO 
MUTE 


XTI 
MODE 


XTO 
CKSL 


DGND 
DGND 


Voo 
Voo 


Vcc2R 
Vcc2L 


AGND2R 
AGND2L 


EXT1R 
EXTlL 


EXT2R 
EXT2L 


VOUTR 
VOUTL 


AGND1 
Vcc1 


Serial 1 


Data Inpuf(2) 


NOTES: (1) Bypass Capacitor 
:1~F - 1O~F. 


(2) Input pins require pull-up resistors. (3) Mode 
control pins require 
pull-up resistors. 
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BCKIN J 
'\ 
/ 


1scwH 
. i· 
IBCWl 


lacy 


• 
i 


DIN 
X 


lott 
IDS 
, 
, 
, 


1Ill. 
. : . 
ILB 
, 


" 


LRCIN 
X 


-_/ 
'\_-_/ 


----~)(------ 


I 
tMCS 
r 
: 
tMCH 
I 


~I 
.--, 
t--_.~~ 
-----~l,'r--- 


"LY 


,:--tR~ 


, 


, 


BCK PUISBWidlh (H Level) 
lecwH 
70ns (min) 
BCK Pulsewidlh 
(L Level) 
tBCWl 
70ns (min) 
BCK Pulse Cycle Time 
tBCy 
140ns (min) 
DIN Setup Time 
Ios 
30ns (min) 


DIN Hold Time 
lott 
30ns (min) 


BCK Rising Edge ~ 
LRCI Edge 
IaL 
30ns (min) 


LRC I EdgB ~ 
BCK Rising Edge 
teB 
30ns (min) 


TABLE 
1. Data 
Input 
Timing 
Specifications 
(Refer 
to 
Figure 4). 


MC Pulsewldlh 
(H LBvel) 
ltdCWH 
SOns (min) 


MC Pulsewidlh 
(L Level) 
tMCWL 
SOns (min) 


MC Pulse Cycle Time 
l"cy 
lOOns (min) 


MD Setup Time 
••• 
30ns (min) 


MD Hold Time 
"H 
30ns (min) 


ML Setup Time 
l"cs 
30ns (min) 


ML Hold Time 
l"cH 
30ns (min) 


ML Low-Level 
Time 
tMly 
l/sysclk 
+ 20ns (min) 


MC, MD, ML Rise Time 
IR 
15ns (max) 


MC, MD, ML Fall Time 
tF 
15ns (max) 


TABLE 
II. Serial 
Mode 
Control 
Timing 
Specifications 
(Refer to Figure 5). 
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TYPICAL PERFORMANCE CURVES 


All specifications 
at +25°C. 
+Vcc:E + Voo + 5V, 1s = 44.1 kHz, 
fsyS = 384/25615, 
and 16-bit data. unless otherwise 
noted. 
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40klll 


2561s 


THO+N 
vs Vcc• Voa 
FULL-SCALE 
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CAUTION: 
Minimum and maximum values on typical performance 
curves are not meant to imply a guarantee. 
Curves should 
be used for reference only. Refer to specification 
for guaranteed 
performances. 
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FUNCTIONAL DESCRIPTION 


PCMI710 
has several 
built-in 
functions 
including 
digital 


attenuation, 
digital de-emphasis 
and soft mute. These func- 


tions are software controlled. 
PCM 1710 can be operated in 
two different 
modes, 
Serial 
or Parallel. 
Serial Mode is a 
three-wire interface using pin 26 (MO), pin 27 (Me), and pin 
28 (ML). Data on these pins are used to control de-emphasis 
mode, 
mute, 
double-speed 
dubbing, 
input resolution 
and 
input format. 
PCM1710 
can also be operated 
in parallel 
mode, where static control signals are used on pin 26 (OM 1), 
pin 27 (OM2), and pin 28 (OSO). Operation of both of these 
modes are covered in detail in the next sections. 


CAUTION: 
Mode control signals operate on level triggered 
logic. The minimum timing conditions 
detailed in Figures 5 
and 6 MUST be observed. 


MODE CONTROL: 
SERIAUPARALLEL 
SELECTION 


I 


MODE. 
H 
Serial Mode 


. MODE. 
L 
Parallel Mode 


TABLE III. Serial and Parallel Mode are Selectable 
by 
MODE Pin (Pin 24). 


SERIAL 
MODE 
PARALLEL 
MODE 


FUNCTION 
(MODE = H) 
(MODE = L) 


Input Data 
Format 
Selection 
0 
X(Normal 
Mode Fixed) 
Input Data Bit Selection 
0 
X(16-bit Fixed) 


Input LAC I Polarity Selection 
0 
X 
De-emphasis 
Control 
0 
0 
Mute 
0 
0 
Attenuation 
0 
X 
Double Speed Dubbing 
0 
0 


NOTE: 0: Selectable, 
X: Not Selectable. 


TABLE 
IV. Selectable 
Functions 
in Serial 
Mode 
and 
Parallel 
Mode. 


Table IV indicates which functions are selectable within the 
user's chosen mode. All of the functions 
shown are select- 
able within the serial mode, but only de-emphasis 
control, 
mute and double-speed 
dubbing may be selected when using 
PCMI710 
in the parallel mode. 


PARALLEL-MODE: 
DE-EMPHASIS 
CONTROL 


(PIN 24 [MODE] = L) 


DM1 (Pin 26) 
DM2 (Pin 27) 
De-emphasis 


L 
L 
OFF 
H 
L 
32kHz 


L 
H 
48kHz 
H 
H 
44.1 kHz 


In the parallel mode, de-emphasis 
conditions 
are controlled 
by the logic levels on pin 26 (OMI) 
and pin 27 (OM2). For 
PCM17 10, de-emphasis 
can operate 
at 32kHz, 
44. 1kHz, 


48kHz, or disabled. 


PARALLEL-MODE: 
DOUBLE-SPEED 
DUBBING 


CONTROL 
(PIN 24 [MODE] = L) 


DSD. 
H 
I 
Normal 
Mode 


DSD = L 
I 
Double-Speed 
Dubbing Mode 


NOTE: When the Double-Speed 
Dubbing Mode is selected, the System 
Clock must be 384ls (CKSL: Pin 23 = H). 


In the parallel mode, double-speed 
dubbing can be enabled 
by holding pin 28 (OSO) at a logic "low". 


CAUTION: 
Double-speed 
dubbing 
cannot 
operate 
if the 
system clock is set at 256fs. 


SERIAL 
MODE CONTROL 


In order to use all of PCM1710's 
functionality, 
the serial 


mode control 
should be used. PCM 1710 must be addressed 
three separate 
times to set all of the various registers 
and 
flags that control these functions. 


Table VII together 
with Figure 6 details the control of the 
PCM 1710 in the serial mode. Internal 
latches are used to 
hold this serial data until the PCM 1710 is enabled to use the 
data. The serial mode is used by applying clocked data to the 
following 
pins: 


NAME 
PIN 
FUNCTION 


MC 
27 
Clock for Strobing 
in Data 


ML 
28 
Latches 
Data into the Registers 


MD 
26 
a-bit Data Word 
Defining 
Operation 
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MODE 
FUNCTION 
MODE SELECTION 
MODE BY 


BO 
B1 
B2 
BIT NO. 
FLAG 
MODE 
BIT VALUE 
SELECTED 
FUNCTION 
DEFAULT 


B3 
DEEM2 
DEEM2 


B4 
DEEM1 
Sampling 
Frequency 
0 
1 


for De-emphasis 
DEEM1 
0 ---- 
48kHz 
1 
32kHz 
44.1kHz 


Mode 
H 
L 
L 
B5 
IIR 
De-emphasis 
0 
De·emphasis 
OFF 


De-emphasis 
ON 
OFF 
1 
1 


B6 
MUTE 
Mute 
0 
Mule OFF 


OFF 


1 
Mute ON 


B7 
DSD 
Double-Speed 
0 
Double-speed 
OFF 


OFF 
1 
Double-speed 
ON 


B3 
Not Assigned 


B4 
TST 
Tesl Mode 
0 
Infinite Zero 
Detection 
OFF 
ON 
1 
Infinite Zero 
Detection 
ON 


Mode 
H 
L 
H 
B5 
IW 
Input Resolution 
0 
16-Bit 
16-Bil 
2 
1 
20-Bil 


B6 
LRPL 
Polarity for LRCI 
0 
Lch:hi 
hlRch:low 
Lch:high 


1 
Lch:lowIRch:high 
Rch:low 


B7 
liS 
Input Format 
0 
Normal 
Normal 
1 
liS 


Me 


ML 
L.J 


," 


An_DATA 
"c 


1 


Attenuation 
06 
05 
04 
03 
02 
01 
DO 
Mode 
0 
~ 
.•... 
MD 
Mode 1 
DEEM2 
DEEM1 
IIR 
MUTE 
DSD 
,.... 
.•... 


~ 
1••••••••••••••• 
1 
:E 


Mode 2 
H 
TST 
IW 
LRPL 
liS 
0 
D. 


Bil# 
BO 
B1 
B2 
B3 
B4 
B5 
B6 
B7 


NOTE: 
Cycle Time for Model Control-Cycle 
time for mode control must be set over 128 times of minimum 
system 
clock. 


One of the functions which can be implemented 
through use 


of the serial 
mode 
control 
is attenuation. 
This 
function 


allows the user to control the level of the output, indepen- 
dent of the of the input level set by the actual input data 
supplied to the DAC. 


Referring 
to Figure 6, when the first data bit (BO) on MD 
(pin 26) is low, the attenuation 
function is enabled. The next 


seven bits (B 1 - B6) define a binary value, AIT _DATA, that 
indicates 
the desired 
level of attenuation. 
The attenuation 


level is given by: 


This mode can be enabled with the sequence of I, 0, 0 as the 
first three bits on MD (pin 26). This mode allows for the 
following 
functions: 


De-emphasis 
De-emphasis 
Frequency 
Soft Mule 
Double-Speed 
Dubbing 


On/Off 
32kHz, 44.1 kHz, 48kHz 
OnlOft 
On/Oft 


DIGITAL 
DE-EMPHASIS 


PCM 1710 allows three different 
sampling 
rates for digital 
de-emphasis. 
B3 and B4 are used for binary control of the 
de-emphasis 
frequency: 


Level = 2010glO (l - AIT_DATNI27) 
dB 


When 
all 
7 bits 
of 
the 
AIT _DA TA 
word 
are 
high 


(AIT_DATA 
= 127), attenuation 
is infinite and the output 
of PCM1710 
will be zero. 
B3 
B4 
Frequency 
a 
0 
OFF 
0 
1 
48kHz 
1 
0 
32kHz 


1 
1 
44.1kHz 
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emphasis 
(frequency 
controlled 
by B3 and B4), and a low 
level on B5 disables de-emphasis. 


SOFT MUTE 


Soft mute is enabled when B6 is high. The soft mute occurs 
gradually, 
unlike the forced infinite zero detection. 
When 
the mute data bit is high, complete 
muting 
will occur in 
127/fs seconds. For fs = 44.lkHz, 
complete mute will occur 
in 2.88ms. 


DOUBLE-SPEED 
DUBBING 


Double-speed 
dubbing is used when the application 
allows 
for the CD to be copied at twice the normal playback rate. 
Double-speed 
dubbing 
is enabled 
when B7 is high. This 
mode can only operate when the system clock is set at 384fs. 
Double-speed 
dubbing can only occur when the sample rate 
is 44.lkHz. 
Since fs is set at 44. 1kHz, the system clock in 
double-speed 
mode is at 192fs. 


Mode 2 is enabled when BO is high, BI is low, and B2 is 
high. This mode controls infinite zero detection, input reso- 
lution, LRCI polarity and input format. 


INFINITE 
ZERO DETECTION 


B4 is used 
to enable 
or disable 
infinite 
zero detection. 
PCMI7IO 
monitors 
both data input (DIN) 
and bit clock 
(BCKIN). 
When 
the data input is continuously 
zero for 
65,536 cycles of the bit clock, infinite zero detection occurs, 
which forces the output of the PCM 1710 to one-half of Vcc 
(typically 2.5V). Once this happens, only the output ampli- 
fier is connected. 
This is done to avoid having 
the noise 


shaped output spectrum of the DAC appear at the output of 
the PCMI7IO. 
This function 
is especially 
useful for CD 
applications 
when the player is between tracks. An inherent 
attribute of all delta-sigma 
architectures 
is the presence 
of 
quantization 
noise when the input is constant (all Is or Os). 


When the zero detect circuit disconnects 
the DAC from the 
output 
amplifier, 
a very low level "click" 
noise 
may be 
audible. The click noise occurs at approximately 
-76dB, 
and 
in many cases is inaudible. 


INPUT RESOLUTION 


PCMI7IO 
is capable 
of accepting 
either 
16-bit or 20-bit 
input data. Specifications 
for PCMI7IO 
are tested and guar- 
anteed using 16-bit data. When 20 bits are used, dynamic 
performance 
is improved 
by approximately 
2dB. Refer to 
"Typical 
Performance 
Curves" 
for a comparison 
of 16-bit 
and 20-bit data. A low on B5 places PCM17IO 
in 16-bit 
mode, and a high on B5 sets PCM1710 
to 20-bit mode. 


pvuuuy. 
nut::ll DU 1~ IUW, oata WIH De accepted on the left 
channel when LRCIN is high, and on the right channel when 
LRCIN is low. When B6 is high, data will be accepted on the 
right channel when LRCIN is high, and on the left channel 
when LRCIN is low. 


INPUT 
FORMAT 


Normal input mode for PCMI710 
is MSB first, right justi- 
fied. PCM17IO 
may also be operated with lIS (32 continu- 
ous clock cycles per word) input format. When B7 is low, 
the input format is "normal". 
When B7 is high, the input 
format is "lIS". 
However, 
PCM17IO 
can only accept 
lIS 
input format when it is in 16-bit mode. 20-bit data must be 
entered in normal mode. 


DEFAULT 
MODE 


At initial power-on, default settings for PCM 17IOare 44.1 kHz 
fs, de-emphasis 
off, mute off, double-speed 
off, infinite zero 
detect on, 16-bit input LRCIN left channel high, and normal 
input mode. 


SAMPLING 
FREQUENCY 
SYSTEM CLOCK 
FREQUENCY 


32kHz 
2561s 
8.1920MHz 
32kHz 
3841s 
12.2880MHz 
44.1 kHz 
2561s 
11.2896MHz 
44.1kHz 
384ls 
16.9344MHz 
48kHz 
2561s 
12.2880MHz 
48kHz 
3841s 
18.4320MHz 


NORMAUDOUBLE-SPEED 
DUBBING 


For most CD playback 
applications 
operating 
at 384fs, the 


system clock frequency 
must be 16.9344MHz, 
in both the 
normal mode and double-speed 
dubbing 
mode. Table VIII 
illustrates 
the relationship 
between 
fs and output 
clock 
frequency 
in both modes. 


MLlDSD 
(PIN 28) 


PARAMETER 
H 
L 
(Normal) 
(Double 
Speed) 


XTI Input Clock Frequency 
384!s 
1921s 
XTI Frequency 
16.9344MHz 
16.9344MHz 
(Is = 44.1 kHz) 
(Is = 88.2kHz) 


CLKO Output Clock Frequency 
384ls 
1921s 


TABLE 
IX. Relationship 
Between 
Normal/Double 
Speed 
and fs. 
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Crystal 
c'I 
I 
C2 


Figure 
8 is a diagram 
showing 
the internal 
clock with an 
external 
clock source, 
instead 
of an oscillator. 
An exter- 
nal system 
clock 
(input 
to XTI) 
must meet the follow- 
ing conditions: 


V1H > O.64VOD 


V1H > O.28VOD 


TH> 
10ns 


TL> 
10ns 


PCMl710 
has two power supply connections: 
digital (Voo) 
and analog 
(Vee). 
Each 
connection 
also has a separate 
ground. If the power supplies turn on at different times, there 
is a possibility 
of a latch-up condition. To avoid this condi- 
tion, 
it is recommended 
to have 
a common 
connection 
between 
the digital and analog power supplies. If separate 
supplies are used without a common 
connection, 
the delta 
between the two supplies during ramp-up time must be less 
than O.6V. 


An application 
circuit to avoid a latch-up condition is shown 
in Figure 9. 


BYPASSING 
POWER 
SUPPLIES 


The power supplies should be bypassed as close as possible 
to the unit. Refer to Figure 19 for optimal values of bypass 
capacitors. 
For applications 
which require very high perfor- 


mance at low levels (such as keyboards, 
synthesizers, 
etc.) 
it may be beneficial 
to provide 
additional 
bypassing 
on 
pin 15 (Veel) 
with a low ESR 100lJP capacitor. 
This will 
eliminate 
stray tones which may be above the noise floor. 


PCM1710 
is an oversampling 
delta-sigma 
D/A converter, 
consisting of an input interface/attenuator, 
a 4th-order multi- 
level delta-sigma 
modulator, 
a low pass filter and an output 
amplifier 
(see Figure 
10). 


Multi Level 
111111 


111111.111111111111.111111 


111111 
Dehe SIgma 


The delta-sigma 
section of the PCM1710 
is based on a 5- 
level amplitude 
quantizer 
and a 4th-order 
filter. This con- 
verts oversampled 
16-or 20-bit input data to 5-level delta--' 
sigma format. A block diagram of the 5-level modulator 
i~ 
shown in Figure 
11. 


This 5-level 
delta-sigma 
modulator 
has the advantage 
of 
improved stability and jitter sensitivity over the typical one 
bit (2-level) delta-sigma 
modulator. 


The combined oversampling 
rate of the delta-sigma 
modula- 
tor and the internal 8X oversampling 
digital filter is 48fs at 
a system clock of 384fs and 32fs at a system clock of 256fs. 


A block diagram of the 4th-order 
filter section Hf (z) in the 
delta-sigma 
modulator 
is shown in Figure 
12. 


In general, high order one-bit delta-sigma 
modulators 
have 
disadvantages 
due to loop instability 
(multiple 
integration 
stages). The five level delta-sigma modulator of the PCMl71 0 
uses phase compensation 
techniques 
to obtain stable opera- 
tion. In Figure 
12, the coefficients 
BI to B4 give the basic 
form of the filter, and A2 to A4 are used for phase compen- 
sation of the feedback 
loop. 


The theoretical quantization 
noise performance 
of five level 
delta-sigma 
modulator 
is shown in Figure 
13 and 14. Tn the 
audio band, the quantization noise floor level of the PCMl710 
is less than BOdB (at a system clock of 384fs). 
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APPLICATION 
CONSIDERATIONS 


16-BIT vs 20-BIT 
OPERATION 


In the serial mode, PCMI710 
can be configured 
to accept 
either 16-bit or 20-bit data. The specifications 
listed in this 


data 
sheet 
are the 
16-bit data. 
Some 
improvements 
i 
dynamic 
performance 
can be realized by using 20-bit data. 


Internally, 
the PCM17IO's 
digital 
filter uses only 20-bit 


data. If the input data is 16-bit, the filter adds four zeros 
to complete 
the 20-bit 
input word. Typical 
performance 


differences 
between 
16-bit and 20-bit data are shown 
in 
Tables 
X and XI. 


DATA 


16-bit 
20-bit 


25615 


-91dB 
-94dB 


38415 


-93dB 
-96dB 


DATA 


16-bil 
20-biI 


25615 


94dB 
96dB 


38415 


96dB 
96dB 


There is a finite delay time in delta-sigma 
converters. 
In 
AfD converters, 
this is commonly 
referred 
to as latency. 
For a delta-sigma 
DIA converter, 
delay time is determined 
by the order number of the FIR filter stage, and the chosen 
sampling 
rate. The following 
equation 
expresses 
the delay 


time of PCM I710: 


To = 22.625 x Ilfs 


For fs = 44.lkHz, 
To = 22.625/44.lkHz 
= 513.04~ 


Applications 
using data from a disc or tape source, such as 
CD audio, CD-Interactive, 
Video CD, OAT, Minidisc, etc., 


generally 
are not affected by delay time. For some profes- 


sional applications 
such as broadcast 
audio for studios, it is 


important 
for total delay time to be less than 2ms. 


INTERNAL 
RESET 


If the sample rate clock (LRCIN) 
is stopped during opera- 
tion, the infinite zero detect circuit will cause the output to 
go to Vcc/2 after 65,536 cycles of the bit clock (BCKIN). 
Once a new system clock has been applied, there will be a 
delay until output 
data is correlated 
to the input. This is 
due to the digital 
delay of the filter. 


When 
power 
is rust 
applied 
to PCM1710, 
an automatic 
reset function 
occurs after 64 cycles of LRCIN. 


Fur normal operation, 
LRCIN and XTI should be synchro- 
nized at either 256fs or 384fs. When the sampling 
rate is 


changed during operation, 
output data is invalid during the 
delay period (To) and for two subsequent 
cycles of LRCIN. 


After two cycles of LRCIN, the output is a valid represen- 
tation of the input data. 


OUTPUT 
FILTERING 


For testing 
purposes 
all dynamic 
tests 
are done 
on the 


PCM1710 
using a 20kHz low pass filter. This filter limits 


the measured bandwidth 
for THD+N, etc. to 20kHz. Failure 


to use such a filter will result in higher THD+N 
and lower 
SNR and Dynamic 
Range readings 
than are found in the 


specifications. 
The 
low pass filter 
removes 
out of band 
noise. 
Although 
it is not audible, 
it may affect 
dynamic 
specification 
numbers. 


The performance 
of the internal low pass filter from DC to 


24kHz is shown in Figure IS. The higher frequency 
rolloff 


of the filter is shown in Figure 16. If the user's 
application 
has the PCMI710 
driving a wideband amplifier, it is recom- 
mended 
to use an external 
low pass filter. A simple 3rd- 


order filter is shown in Figure 17. For some applications, 
a 
passive RC filter or 2nd-order 
filter may be adequate. 


SIMULATED 
ANALOG FILTER 
FREQUENCY 
RESPONSE 


(20HZ-24kHz, 
Expanded Scale) 


SIMULATED 
ANALOG FILTER 
FREQUENCY 
RESPONSE 


(10Hz-10MHz) 


10 
5 
o 
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-15 


'" 
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10 
1k 
10k 
100k 


Frequency (Hz) 
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peM U 10 In production. 
The 11th-order filter is necessary 
in the production 
environment 
for the removal 
of noise, 
resulting from the relatively long physical distance between 
the unit and the test analyzer. In most actual applications, 
the 
third-order 
filter shown 
in Figure 
17 is adequate. 
Under 
normal 
conditions, 
THD+N 
typical performance 
is -70dB 


with a 30kHz 
low pass filter (shown 
here on the THD 


meter), improving 
to -92dB 
when the external 20kHz sec- 
ond-order 
filter is used. 


This evaluation fixture is primarily intended for quick evalu- 
ation of the PCMI71O's 
performance. 
DEM-PCM17lO 
can 
accept either 
an external 
clock or a user-installed 
crystal 


or an external 
low pass hlter. 
DEM-PCMI710 
requires 
a 
single +5V power supply. 


DEM-DAI1710 


This 
fixture 
is more 
complete 
than 
DEM-PCMI710; 
it 


includes a Digital Audio Interface 
(DAI) receiver 
chip for 


easy use and to provide a low-jitter 256fs system clock to the 
PCM17lO. 
Also included 
are dual second-order 
low pass 
filters 
using Burr-Brown's 
OPA2604 
dual FET-input 
op 
amp. The output 
of the DEM-DAIl710 
is 2Vrms, 
using 
standard BNC-type 
connectors. 


All of the functions of PCMI710 
can be evaluated by using 
the DEM-DAIl71O 
jumper 
selections. 
DEM-DAI17lO 
re- 
quires +5V and ±5V to ±15V power supplies. The schematic 
diagram for DEM-DAIl710 
is shown in Figure 19. For more 


detailed information 
on the evaluation 
fixtures, contact your 
local Burr-Brown 
representative. 
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~~~~N 
Stereo Audio 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
16-BIT RESOLUTION 


• 
COMPLETE 
STEREO DAC: 
8X Oversampling 
Digital Filter 
Multi-Level Delta-Sigma DAC 
Analog Low Pass Filter 
Output Amplifier 


• 
HIGH PERFORMANCE: 
-87dB 
THO + N 
94dB Dynamic Range 
98dB SNR 


• 
SYSTEM 
CLOCK: 
384fs 


• 
SINGLE 
+5V POWER 
SUPPLY 


• 
ON-CHIP 
DIGITAL 
FILTER: 
Soft Mute and Attenuation 
Digital De-emphasis 
Double Speed 
Dubbing 
Mode 


• 
SMALL 
28-PIN SOIC PACKAGE 


The PCMl712 
is a complete 
low cost stereo, audio 
digital-to-analog 
converter, 
including 
digital interpo- 


lation filter, 3rd-order 
delta-sigma 
DAC, and analog 
output 
amplifiers. 
PCMl712 
accepts 
16-bit normal 


input data (MSB first, right justified), 
or 16-bit lIS 


data (32-bits per word, continuous 
clock). 


The digital filter performs 
an 8X interpolation 
func- 


tion, as well as special functions 
such as soft mute, 


digital 
attenuation, 
de-emphasis 
and 
double-speed 
dubbing. 


PCM1712 is suitable for a wide variety of cost-sensi- 
tive consumer applications 
where good performance 
is 


required. Its low cost, small size and single +5V power 
supply make it ideal for automotive CD players, book- 
shelf CD players, BS tuners, keyboards, MPEG audio, 
MIDI applications, 
set-top 
boxes, 
CD-ROM 
drives, 


CD-Interactive 
and CD-Karaoke 
systems. 
PCMI712 


has the same pinout functions 
as PCMI710. 


LchiRch 
ATT Control 
, 


Input Interlace 
and 
Attentuator 


3rd-Order 
Multi-Level 


Detta 
Sigma 
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SPECIFICATIONS 


PCM1712U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
Bits 


DIGITAL 
INPUTIOUTPUT 
Logic Family 
Input Logic Level (pins 1 to 3) 
V,H 
2.0 
VDC 


VIL 
0.8 
VDC 


Input Logic Current (pins 1 to 3) 


I, 
-200 
~ 
Input Logic Level (pins 24 to 28) 


V'H 
3.5 
VDC 
VIL 
1.5 
VDC 


Input Logic Level (pins 24 to 28) 


I, 
-200 
~ 
Input Logic Level (XTI) 


V,H 
3.2 
VDC 
VIL 
1.4 
VDC 


Input Logic Current (XTI) 
I, 
-120 
~ 
Output Logic Level (CLKO): 
VOH 
4.5 
VDC 
VOl 
0.5 
VDC 
Output Logic Current 


10 
±10 
mA 
Data Format 
NormaVIIS (see Timing) SELECTABLE 
DalaSit 
16-BiVMSB First. Two's Complement 
Sampling Frequency 
32 
44.1 
48 
kHz 


System Clock Frequency 
384ts 
12.288 
16.934 
18.432 
MHz 


DC ACCURACY 
Gain Error 
±1.0 
±S.O 
%ofFSR 
Gain Mis-Match Channel·To·Channel 
±1.0 
±S.O 
%ofFSR 
N 
Bipolar Zero Error 
Vo = 112Vcc at Bipolar Zero 
±20 
mV 
~ 
Gain Drift 
±SO 
ppm of FSRrC 
•••••• 


Bipolar Gain Drift 
±20 
ppm of FSRrC 
~ 


DYNAMIC 
PERFORMANCE") 
:= 
THD+N at FIS (OdB) 
f'N = 991Hz 
-ll2 
-ll? 
dB 
0 
THD+N at-llOfdB 
f'N: 
991kHz 
-34 
dB 
£l. 


Dynamic Range 
EIAJ A-weighted 
94 
dB 
SIN Ratio 
EIAJ A-weighted 
92 
98 
dB ID 


Channel Separation 
fiN: 
991Hz 
90 
96 
dB 


DIGITAL 
FILTER PERFORMANCE 
Pass Band Ripple 
Normal Mode 
±0.1? 
dB 
Pass Band Ripple 
Double Speed Mode 
±0.22 
dB 


~ 


Stop Band Attenuation 
Normal Mode 
-35 
dB 
Stop Band Attenuation 
Double Speed Mode 
-34 
dB 
Pass Band 
Normal Mode 
0.4535 
fs 
I 
Pass Band 
Double Speed Mode 
0.4535 
fs 


Stop Band 
Normal Mode 
0.5465 
fs 
U) 
Stop Band 
Double Speed Mode 
0.5465 
fs 
I-- 


De-emphasis 
Error 
(fs 32kHz - 48kHz) 
-0.2 
+0.55 
dB 
0 


ANALOG 
OUTPUT 
;:) 


Voltage Range 
3.1 
Vp-p 
C 
Load Impedance 
5k 
n 
0 
Center Voltage 
+1/2Vcc 
V 
0: 
POWER SUPPLY REQUIREMENTS 
Q. 


Voltage Range: +Vcc 
+4.5 
+5.0 
+5.5 
VDC 
0 
+Voo 
+4.5 
+5.0 
+5.5 
VDC 
C 
Supply Current 
+Icc +100 
+Vcc ""+Voo 
=: +5.0V 
28 
40 
mA 
Power Dissipation 
+vcc 
z +Voo:: 
+S.OV 
140 
200 
mW 
;:) 


TEMPERATURE 
RANGE 
« 
Operation 
-25 
+85 
·C 
...J 
Storage 
-55 
+100 
·C 
~ 
NOTE: (1) Tested with Shibasoku #725 THD. Meter 400Hz HPF, 30kHz LPF On, Average Mode with 20kHz bandwidth limiting. 
!::: 
Cl 
The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR·BROWN 
assumes 
- 
no responsibility for the use of this information, and all use of such information shall be entirety at the users own risk. Prices and specifications 
are subject to change 
C 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR· BROWN product for use in life support devices and/or systems. 
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Input Interface Pins 


LRCIN 
I 
1 
I Sample Rate Clock Input. Controls the update rate (ts). 


DIN 
2 
Serial Data Input. MSB first, right justified format contains a frame of 16-bit or 20-bit data. 


BCKIN 
3 
Bit Clock Input. Clocks in the data present on DIN input. 


Mode Controls and Clock Signals 


CLKO 
4 
Buffered Output of Oscillator. 
Equivalent 
to fs. 


Xli 
5 
Oscillator 
Input (External Clock Input). For an internal clock, tie XTI to one side of the crystal oscillator. 
For an external clock, 


tie XTI to the output of the chosen external clock. 


XTO 
6 
Oscillator 
Output. When using the internal clock, tie to the opposite side (from pin 5) of the crystal oscillator. 
When using an 
external clock, leave XTO open. 


MODE 
24 
Operation 
Mode Select. For serial mode, tie MODE "High", For parallel mode, tie MODE "Low", 


MUTE 
25 
Mute Control. To disable soft mute, tie MUTE "High". To enable soft mute, tie MUTE "Low'. 


MDIDM1 
26 
Mode Control for DatalDe-emphasis. 
See "Mode Control Functions" on page 10. 


MCIDM2 
27 
Mode Control for BCKINIDe-emphasis. 
See "Mode Control Functions" on page 10. 


MUDSD 
28 
Mode Control for WDCK/Double 
speed dubbing. 
See "Mode Control Functions" on page 10. 


Analog Flnctions 


VOUTR 
13 
I Right Channel Analog Output. 


VourL 
16 
Left Channel Analog Output. 


Power Supply Connections 


DGND 
7,22 
Digital Ground. 


Voo 
8,21 
Digital Power Supply (+5V). 


Vcc2R 
9 
Analog Power Supply (+5V), Right Channel DAC. 


AGND2R 
10 
Analog Ground (DAC), Right Channel. 


EXT1R 
11 
Output Amplifier 
Common, 
Right Channel. 
Bypass to ground with a 10j.lF capacitor. 


EXT2R 
12 
Output Amplifier 
Bias, Right Channel. Connect to EXT1 R. 


AGND 
14 
Analog Ground. 


Vcc 
15 
Analog Power Supply (+5V). 


EXT2L 
17 
Output Amplifier 
Bias, Left Channel. Connect to EXT1 L. 


EXT1L 
18 
Output Amplifier 
Common, 
Left Channel. 
Bypass to ground with a 10j.lF capacitor. 


AGND2L 
19 
Analog Ground (DAC), Left Channel. 


Vcc2L 
20 
Analog Power Supply (+5V), Left Channel DAC. 


NC 
23 
No Connection. 


Power Supply Voltage 
+6.5V 
+Vcc to Voo Voltage. 
. 
±O.1V 
Input Logic Voltage 
-{).3V-Voo+0.3V 


Power Dissipation 
. 
300mW 


Operating Temperature 
Range 
-25°C to +85°C 
Storage Temperature 
Range .. 
. 
-55DC 
to +125DC 


Lead Temperature 
(soldering, 5s).. 
. 
+260"C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


PCM1712U 
28-Pin SOIC 
217 


BURR - BROWN_ 
113131 


Serial 1 
Data Input(3) 


NOTE: (1) Bypass Capacilor 
:1~F - 10~F. 


(2) Typical 
application 
circuit. To obtain 
guaranteed 
specifications, 
required 
20kHz 


bandwidth 
limitation by low pass filter. 


(3) Input pins require 
pull-up 
resistors. 


MUDSD 


MC/DM2 


MD/DM1 


~ 
MUTE 
I 
MODE 
en 


NC 
I--0 
DGND 
~ 


Voo 
C0 


Vcc2L 
a: 


AGND2L 
c.. 


EXT1L 
0C 
EXT2L 
~ 


VouTL 
« 
..oJ 


Vcc' 
~ 


e" 
C 


LRCIN 


DIN 


BCKIN 


CLKO 


XTI 


XTO 


DGND 


Vcc2R 


AGND2R 
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DATA INPUT TIMING 
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FIGURE 
3. Data Input Timing. 


BCK Pulsewidth 
(H Level) 
tBCWH 
70ns (min) 
BCK Pulsewid1h (L Level 
tscWL 
70ns (min) 


BCK Pulse Cycle Time 
lacy 
140ns (min) 


DIN Setup Time 
105 
30ns (min) 


DIN Hold Time 
tOH 
30ns (min) 


BCK Rising Edge --> LRCI Edge 
tal 
30ns (min) 


LRC I Edge --> BCK Rising Edge 
tla 
30ns (min) 
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MC 
/ 
\ 
/ 


4.4CWH 
tMCWl 


tMCy 


MD 
X 


tMH 
tMS 


tMCS 
~ 
,---- 


ML 
'" 
,~, 


tMLy 
\\- 


MC Pulsewidth 
(H Level) 
tMcwH 
Sans (min) 


MC Pulsewidth 
(L Level) 
IMCWl 
Sans (min) 


Me Pulse Cycle Time 
t...,y 
lOOns (min) 


MD Setup Time 
tMS 
30ns (min) 


MD Hold Time 
\ 
"'H 
30ns (min) 


ML Setup Time 
"'cs 
30ns (min) 


ML Hoid TIme 
IMCH 
30ns (min) 


ML Low-Lever Time 
"'LV 
l/sysclk 
+ 20ns (min) 


TABLE 
II. Serial Mode Control Timing 
Specifications 


(Refer to Figure 5). 
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PASSBAND 
RIPPLE CHARACTERISTIC 
NORMAL MODE (De-emphasis: 
OFF) 
0 


-{l.2 


-{l.4 
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-{l.6 


-{l.8 


-1 
0 
5k 
10k 
15k 
20k 


Frequency (Hz) 


PASSBAND 
RIPPLE FREQUENCY 
CHARACTERISTIC 


DOUBLE-SPEED 
MODE (De-emphasis: 
OFF) 
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"0 
0 
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UJ 
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15 
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'- 


-'<;;" 
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-83 


-84 
l 


-86 


en 
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-94 
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Average_ 


Minimum 


25 
50 
70 


Temperature 
CC) 
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50 
70 


Temperature 
(0G) 
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~ 
95 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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SNR vs SUPPLY VOLTAGE 
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Voltage (V) 


CAUTION: 
Minimum 
and maximum 
values on typical performance 
curves are not meant to imply a guarantee. 
Curves 
should be used for reference 
only. Refer to specifications 
for guaranteed 
performance. 
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FUNCTIONAL DESCRIPTION 


PCM1712 
has several 
built-in 
functions 
including 
digital 
attenuation, 
digital de-emphasis 
and soft mute. These func- 
tions are software controlled. 
PCM1712 
can be operated in 
two different 
modes, 
Serial 
or Parallel. 
Serial Mode is a 


three-wire 
interface 
using pin 26 (MD), pin 27 (MC), and 
pin 28 (ML). Data on these pins are used to control 
de- 
emphasis modes, mute, double-speed 
dubbing, input resolu- 
tion and input formats. 
PCM1712 
can also be operated 
in 
parallel mode, where static control signals are used on pins 
26 (DM1), pin 27 (DM2), and pin 28 (DSD). Operation 
of 
both 
of these 
modes 
are covered 
in detail 
in the next 


sections. 


CAUTION: 
Mode control signals operate on level triggered 
logic. The minimum 
timing conditions 
detailed in Figures 4 
and 5 MUST be observed. 


MODE = H 


MODE = L 


Serial Mode 


Parallel Mode 


TABLE 
III. Serial 
and Parallel 
Mode 
are Selectable 
by 


MODE Pin (Pin 24). 


SERIAL 
MODE 
PARALLEL 
MODE 
FUNCTION 
(MODE = H) 
(MODE = L) 


Input 
Data 
Format 
Selection 
0 
X (Normal Mode Fixed) 
Input LRCI 
Polarity Selection 
0 
X 


De-emphasis 
Control 
0 
0 


Mute 
0 
0 


Attenuation 
0 
X 
Double·Speed 
Dubbing 
0 
0 


NOTE: 0: Selectable, 
X: Not Selectable. 


TABLE 
IV. 
Selectable 
Functions 
in Serial 
Mode 
and 
Parallel Mode. 


Table IV indicates which functions are selectable within the 
user's chosen mode. All of the functions 
shown are select- 
able within the serial mode, but only de-emphasis 
control, 
mute and double-speed 
dubbing may be selected when using 
PCM1712 
in the parallel mode. 


PARALLEL-MODE: 
DE-EMPHASIS 
CONTROL 
(PIN 24 [MODE] = L) 


DMl 
(Pin 26) 
DM2 (Pin 27) 
De-emphasis 


L 
L 
OFF 
H 
L 
32kHz 
L 
H 
48kHz 
H 
H 
44.1 kHz 


In the parallel mode, de-emphasis 
conditions 
are controlled 
by the logic levels on pin 26 (DM1) and pin 27 (DM2). For 
PCM1712, 
de-emphasis 
can operate 
at 32kHz, 
44. 1kHz, 


48kHz, or disabled. 


PARALLEL-MODE: 
DOUBLE-SPEED 
DUBBING 
CONTROL 
(PIN 24 [MODE] = L) 


DSD = H 


DSD = L 


Normal 
Mode 


Double Speed Dubbing Mode 


In the parallel mode, double-speed 
dubbing can be enabled 
by holding pin 28 (DSD) at logic "low". 


SERIAL MODE CONTROL 


In order to use all of PCM 1712' s functionality, 
the serial 
mode control 
should be used. PCM1712 must be addressed 
three separate 
times to set all of the various registers 
and 
flags that control these functions. 


Table VII together 
with Figure 6 details the control of the 
PCM1712 
in the serial mode. Internal 
latches are used to 
hold this serial data until the PCM1712 
is enabled to use the 
data. The serial mode is used by applying clocked data to the 
following 
pins: 


NAME 
PIN 
FUNCTION 


Me 
27 
Clock for Strobing in Data 
ML 
28 
Latches 
Data into the Registers 
MD 
26 
8-bit Data Word Defining Operation 


One of the functions which can be implemented 
through use 
of the serial 
mode 
control 
is attenuation. 
This 
function 
allows the user to control the level of the output, indepen- 
dent of the input level set by the actual input data supplied 
to the DAC. 


Referring 
to Figure 5, when the first data bit (BO) on MD 
(pin 26) is low, the attenuation function is enabled. The next~ 
seven bits (B 1 - B6) define a binary value, ATT_DATA, that'- 
indicates 
the desired 
level of attenuation. 
The attenuation 
level is given by: 


When 
all 
7 bits 
of 
the 
ATT _DATA 
word 
are 
high 
(ATT_DATA 
= 127), attenuation 
is infinite and the output 
of PCM1712 
will be zero. 
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BO 
Bl 
B2 
BIT NO. 
FLAG 
MODE 
BIT VALUE 
SELECTED 
FUNCTION 
DEFAULT 


B3 
DEEM2 
DEEM2 


B4 
DEEM1 
Sampling 
Frequency 
0 
1 


for De·emphasis 
DEEM1 
0 ..--- 
48kHz 
44.1kHz 
1 
32kHz 
44.1kHz 


Mode 
1 
0 
0 
B5 
IIR 
De-emphasis 
0 
De-emphasis 
OFF 
OFF 
1 
1 
De-emphasis 
ON 


B6 
MUTE 
Mute 
0 
Mute OFF 
OFF 
1 
Mute ON 


B7 
DSD 
Double·Speed 
0 
Double-speed 
OFF 
OFF 
1 
Double-speed 
ON 


B3 
Not Assigned 


B4 
Not Assigned 


Mode 
1 
0 
1 
B5 
Not Assigned 


2 


B6 
LRPL 
Polarity for LRCI 
0 
Lch:high/Rch:low 
Lch:HIGH 


. 
1 
Lch:low/Rch:high 
Rch:LOW 


B7 
115 
Input Format 
0 
Normal 
Normal 
1 
115 


ML 
LJ 


~' 


ATT_DATA 
'1= 


1 


Alternation 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
Mode 


MD 
Mode 1 ~ 
DEEM2 
DEEM1 
IIR 
MUTE 
DSD 


Mode 2 ~ 
H 
I'-.............C•••••• 
;::C •••••;::I 
LRPL 
liS 


Bit# 
BO 
B1 
B2 
B3 
B4 
B5 
B6 
B7 


B3 
B4 
FREQUENCY 


0 
0 
OFF 


0 
1 
48kHz 


1 
0 
32kHz 


1 
1 
44.1kHz 


This mode can be enabled with the sequence of I, 0, 0 as the 
first three bits on MD (pin 26). This mode allows for the 
following 
functions: 


De-emphasis 


De-emphasis 
Frequency 


Soft Mute 


Double-Speed 
Dubbing 


On/Off 


32kHz, 44.1 kHz, 
48kHz 


On/Off 


On/Off 


Once the reset has been established 
on pin 27 (MC), the de- 
emphasis frequency 
defaults to 44. 1kHz. B5 can be used to 
override B3 and B4; a logic low on B5 disables de-emphasis, 
and a logic high on B5 forces de-emphasis 
at 44. 1kHz. 


DIGITAL 
DE-EMPHASIS 


PCM1712 
allows three different 
sampling rates for digital 
de-emphasis. 
B3 and B4 are used for binary control of the 
de-emphasis 
frequency: 


Soft mute is enabled when B6 is high. The soft mute occurs 
gradually, 
unlike the forced infinite zero detection. 
When 
the mute data bit is high. complete 
muting 
will occur in 
127/fs seconds. 
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Double-speed 
dubbing is enabled when B7 is high. Since fs 
is set at 44.1 kHz, the system clock in double-speed 
mode is 
at 192fs. 


This mode is enabled when the first three bits on MD are I, 
0, I. Mode 2 allows for the following 
functions: 


LR Polarity 


Input Format 


Controls 
LetVRight 
Channel 
Select 


Normal/liS (Philips format) 


SAMPLE 
RATE CLOCK POLARITY 


B6 controls the polarity of the sample rate clock (LRCIN) 
polarity. When B6 is low, data will be accepted on the left 
channel when LRCIN is high, and on the right channel when 
LRCIN is low. When B6 is high, data will be accepted on the 
right channel when LRCIN is high, and on the left channel 
when LRCIN is low. 


INPUT FORMAT 


Normal input mode for PCMI712 
is MSB first, right justi- 
fied. PCM1712 may also be operated with IIS input format. 
When B7 is low, the input format is "normal". 
When B7 is 
high, the input format is "IIS". 


At 
initial 
power-on, 
default 
settings 
for 
PCM1712 
are 
44.lkHz 
fs, de-emphasis 
off, mute off, double 
speed off, 


infinite zero detect on, l6-bit input LRCIN left channel high, 
and normal input mode. 


V1H > O.64Voo 


V1l < O.28VOD 


TH> 
1005 


Tl < 1005 


FIGURE 6. Timing Requirement 
for External System Clock 
(XTi). 


SAMPLING 
FREQUENCY 
SYSTEM CLOCK 
FREQUENCY 


32kHz 
3841s 
12.2880MHz 


44.1kHz 
384ls 
16.9344MHz 


48kHz 
384ls 
18.4320MHz 


NORMAUDOUBLE-SPEED 
DUBBING 


For most CD playback 
applications 
operating 
at 384fs, the 
system clock frequency 
must be 16.9344MHz, 
in both the 
normal mode and double-speed 
dubbing 
mode. Table VIII 
illustrates 
the relationship 
between 
fs and 
output 
clock 
frequency 
in both modes. 


DSD 
PARAMETER 
H (Normal) 
L (Double 
Speed) 


XTI Input Clock Frequency 
3841s 
1921s 


XTI Frequency 
16.9344MHz 
16.9344MHz 
(Is = 44.1 kHz) 
(Is = 88.2kHz) 


CLKO Output Clock Frequency 
3841s 
1921s 


TABLE VIII. Relationship 
Between Normal/Double 
Speed 
and fs. 


Figure 7 is a diagram showing the internal clock in conjunc- 
tion with an external crystal oscillator. 


Crystal 
c'I 
I 
C2 


Figure 8 is a diagram 
showing 
the internal 
clock with an 
external clock source, instead of an oscillator. 
An external 
system clock (input to XTI) must meet timing requirement 
which is shown in Figure 6. 
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POWER SUPPLY 
CONNECTIONS 


PCM17l2 
has two power supply connections: 
digital (VDD) 
and analog 
(Vcc). 
Each 
connection 
also has a separate 
ground. If the power supplies turn on at different times, there 
is a possibility 
of a latch-up condition. To avoid this condi- 
tion, 
it is recommended 
to have 
a common 
connection 
between 
the digital and analog power supplies. If separate 
supplies 
are used without a common 
connection, 
the delta 
between the two supplies during ramp-up time must be less 
than 0.6V. 


An application 
circuit to avoid a latch-up condition is shown 
in Figure 9. 


BYPASSING 
POWER SUPPLIES 


The power supplies should be bypassed as close as possible 
to the unit. Refer to Figure 16 for optimal values of bypass 
capacitors. 
For applications 
which require very high perfor- 
mance at low levels (such as keyboards, 
synthesizers, 
etc.), 


it may be beneficial 
to provide 
additional 
bypassing 
on 


pin 15 (VCCl) 
with a low ESR 100~ 
capacitor. 
This will 
eliminate 
stray tones which may be above the noise floor. 


The delta-sigma 
section of PCM1712 
is based on a 5-level 
amplitude 
quantizer 
and 
a 3rd-order 
noise 
shaper. 
This 
section converts the oversampled 
16-bit input data to 5-level 
delta-sigma 
format. 


A block diagram 
of the 5-level 
delta-sigma 
modulator 
is 
shown in Figure 10. This 5-level delta-sigma 
modulator has 
the advantage of stability and clock jitter sensitivity over the 
typical one-bit (2 level) delta-sigma 
modulator. 


Multi Level 
111111 


111111.111111111111.111111 


111111 
oBUa Sigma 


/ 
4.,iY-------, 
3 
_ 


2 
_ 


1 __ 


0 __ 
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The combined 
oversampling 
rate of the delta-sigma 
modu- 
lator and the internal 8-times interpolation 
filter is 48fs. The 
theoretical 
quantization 
noise performance 
of the 5-level 
delta-sigma 
modulator 
is shown in Figure 
II. 


20 


-20 


--40 
iD 
Y 


-60 


c 
-60 
'1ij 
CJ 
-100 


-120 


-140 


-160 
10 
15 


Frequency (kHz) 


APPLICATION 
CONSIDERATIONS 


There is a finite delay time in delta-sigma 
converters. 
In 
AID converters, 
this is commonly 
referred 
to as latency. 
For a delta-sigma 
D/A converter, 
delay time is determined 
by the order number of the FIR filter stage, and the chosen 
sampling 
rate. The following 
equation 
expresses 
the delay 
time ofPCM1712: 


To = 12.625 x I/fs 


Applications 
using data from a disc or tape source, such as 
CD audio, CD-Interactive, 
Video CD, DAT, Minidisc, etc., 
generally 
are not affected by delay time. For some profes- 


sional applications 
such as broadcast audio for studios, it is 
important 
for total delay time to be less than 2ms. 


When 
power 
is first applied 
to PCMI7l2, 
an automatic 
reset function 
occurs after 64 cycles of LRCIN. 


For testing 
purposes 
all dynamic 
tests 
are done 
on the 
PCMl7l2 
using a 20kHz low pass filter. This filter limits 
the measured bandwidth for THD + N, etc. to 20kHz. Failure 
to use such a filter will result in higher THD + N and lower 
SNR and Dynamic 
Range readings 
than are found in the 
specifications. 
The 
low pass filter removes 
out of band 


noise. Although 
it is not audible, 
it may affect dynamic 
specification 
numbers. 


The performance 
of the internal low pass filter from DC to 
24kHz is shown in Figure 
12. The higher frequency 
rolloff 
of the filter is shown in Figure 13. If the user's application 
has the PCMl712 
driving a wideband amplifier, it is recom- 


mended 
to use an external 
low pass filter. A simple 3rd- 
order filter is shown in Figure 
14. For some applications, 
a 
passive RC filter or 2nd-order 
filter may be adequate. 


SIMULATED 
ANALOG FILTER 


FREQUENCY 
RESPONSE 


(20HZ-24kHz, Expanded Scale) 


I 
I 
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SIMULATED 
ANALOG FILTER 


FREQUENCY 
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m me prooucllon 
envlfonment 
tor the removal 
of noise 
resulting from the relatively long physical distance between 
the unit and the test analyzer. In most actual applications, 
the 
third-order 
filter shown 
in Figure 
14 is adequate. 
Under 
normal conditions, 
THD+N 
typical performance 
is -70dB 
with a 30kHz 
low pass filter 
(shown 
here on the THD 
meter), improving 
to -92dB 
when the external 20kHz sec- 
ond-order 
filter is used. 


DEM-PCM1712 


This evaluation fixture is primarily intended for quick evalu- 
ation of the PCMI7l2's 
performance. 
DEM-PCMI712 
can 
accept 
either an external 
clock or a user-installed 
crystal 
oscillator. All of the functions can be controlled by on-board 
switches. DEM-PCM1712 
does not contain a receiver chip 
or an external 
low pass filter. DEM-PCM1712 
requires 
a 
single +SV power supply. 


VS1N 


GAIN YS FREQUENCY 


I 
I 
I 


90 


Gain 


-14 


iD -34 
-90 - 
~ 
~ 
<= 
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-180 
a. 
Cl 
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-74 
-270 
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100 
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Frequency (Hz) 
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CD 
DEM- 
Player 
Digital 
PCM1712 
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Shibasoku #725 
GO 
LJtJ 


11th-order 
20kHz 
LPF 
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LRCIN 


DIN 


BCKIN 


CLKO 


XTI 


XTO 


[11] TJ 
COD 
C 
OOGOO 
UUNUU 
TTDTT 


osI 


DSD 


DM2 


DM1 


MODE 


CKSL 
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Dual Voltage Output CMOS Delta-Sigma 
DIGITAL- TO-ANALOG 
CONVERTER 
With On-Chip 
Digital Filter 


• 
DUAL MULTI-LEVEL 
NOISE SHAPING 
DAC WITH ON-CHIP 
DIGITAL 
FILTER 


• 
HIGH PERFORMANCE: 
THD+N: 0.0025% (-92dB) typ 
Dynamic Range: 98dB typ 
SIN RATIO: 
110dB typ 


• 
ANALOG 
VOLTAGE 
OUTPUT: 
Vo = 3.2Vp-p 


• 
ON-CHIP 
ANALOG 
LOW PASS FILTER 


• 
JITIER 
TOUGH 
AND LOW RADIO 
FREQUENCY 
INTERFERENCE 
ENERGY 
ARCHITECTURE 


• 
SYSTEM 
CLOCK 
2561s or 3841s 


• 
ON-CHIP 
8X OVERSAMPLING 
DIGITAL 
FILTER WITH: 
LchlRch 
Individual 
Attentuator 
Control 
Digital De-Emphasis 
(44.1kHz) 
Analog 
Output 
Mode Select 


• 
SINGLE 
+5V POWER 
SUPPLY 
OPERATION 


• 
SMALL 
28-PIN SOIC PACKAGE 


LchiRch 
AIT Control 
~ 


Input Interface 
and 
Attentuator 


t 


Moce 
Control 
t 
System 
Clock 


The 
PCMl7l5 
is a low cost, 
dual voltage 
output 
CMOS digital-to-analog 
converter. 
Incorporated 
into 
the PCM1715 
is a unique multi-level 
4th-order 
delta- 
sigma architecture 
that eliminates 
influence 
from in- 


put clock jitter and RF interferance 
resulting 
in truly 
superior performance. 


The PCM1715 
has individual 
channel attenuator 
and 
analog output mode select function which is suitable 
for CD-ROM 
application. 


The on-chip digital filter of the PCM 1715 has -62dB 
stop band attenuation 
and ±O.OO8dBripple in the pass 


band. 


The 
PCM1715 
can 
be used 
in a wide 
variety 
of 
consumer 
audio applications. 
Its low cost, small size, 
and single +5V operation 
make it ideal for portable, 
automotive, 
CD players, 
CD-I, 
CD-ROM, 
VIDEO- 
CD, tuners, music instruments, 
and other digital audio 
applications. 


4th-Order 
Multi-Level 
Delta- 
Sigma 


International Airport Industrial Park 
Mailing Address: PO Box 11400 
• 
Tucson, AI 85734 
• 
Street Address: 6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 


Tel: (520)746-1111 
• 
Twx: 910-952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate Product Inlo: (BOO)546-6132 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


PCM1715U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
Bits 


DIGITAL 
INPUT 
! 


Logic Family 
Input Logic Level (except XTi) 
V,H 
2.0 
VDC 


Vil 
0.8 
VDC 


Input Logic Current (except XTi) 
-200 
~ 


Input Logic Level (XTI) 


V,H 
3.2 
VDC 


Vil 
1.4 
VDC 


Input Logic Current (XTi) 
±50 
~ 
Output Logic Level (CLKO): 


VOH 
4.5 
VDC 


VOl. 
0.5 
VDC 


Output Logic Current (CLKO) 
±10 
mA 


Data Format 
MSB First. Two's Complement 
Sampling 
Frequency 
44.1 
kHz 


System Clock Frequency 
384fs 
16.934 
MHz 
System Clock Frequency 
I 
25615 
11.2894 
MHz 


DC ACCURACY 
Gain Error 
±1.0 
±S.O 
% of FSR 
Gain Mis-Match 
Channel-lo-Channel 
±1.0 
±S.O 
% of FSR 
Bipolar Zero Error 
Vo = 1/2V cc at Bipolar Zero 
±20.0 
mV 


Gain Drift 
±50 
ppm of FSR/·C 


Bipolar Gain Drift 
±20 
ppm of FSR/·C 


DYNAMIC 
PERFORMANCE 


THD+N at FIS (OdB)!') 
fiN = 991Hz 
-92 
-88 
dB 
::) 
THD+N at ~OdB!') 
fiN = 991Hz 
-,36 
-,32 
dB 
It) 
Dynamic Range 
EIAJ A-weighted 
98 
dB 
""'" 


SIN Ratio 
EIAJ A-weighted 
104 
110 
dB 
•••••• 


Channel Separation 
fiN = 991Hz 
90 
94 
dB 
""'" 


DIGITAL 
FILTER PERFORMANCE 
:E 


Pass Band Ripple 
±D.D08 
dB 
0 
Stop Band Attenuation 
~2 
dB 
0.. 


Pass Band 
0.4535 
fs 


Stop Band 
0.5465 
Is Ell 


De-emphasis 
Error 
(fs = 44. t kHz) 
+0.03 
dB 


ANALOG 
OUTPUT 
Voltage Range 
fs (OdB) OUT 
3.2 
Vp-p 
Load Impedance 
5 
kfl 


~ 
Center Voltage 
+112Vcc 
V 


POWER SUPPLY 
REQUIREMENTS 
C 


Voltage Range: +Vcc 
+4.5 
+5.0 
+5.5 
VDC 
I 


+VOD 
+4.5 
+5.0 
+5.5 
VDC 
en 
Supply Current: +Icc +100 
+Vcc = +VOD = +5.0V 
45 
70 
mA 
I-- 


Power Dissipation 
+Vcc '" +VOD - 
+S.OV 
225 
350 
mW 
0 
TEMPERATURE 
RANGE 
~ 


Operation 
-25 
+85 
·C 
C 


Storage 
-55 
+100 
·C 
0 


NOTE: (1) 30kHz LPF, 400Hz HPF, Average Mode. 
a: 
Q. 
o 
C 
~« 
...J 


~ 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
~ 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change C 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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LRCIN 
ML 


DIN 
MC 


BCKIN 
MD 


CLKO 
RSTB 


XTI 
NC 


XTO 
CKSL 


DGND 
DGND 


Voo 
Voo 


Vcc2R 
Vcc2L 


AGND2R 
AGND2L 


EXT1R 
EXT1L 


EXT2R 
EXT2L 


VouTR 
VouTL 


AGND1 
Vcc1 


PIN 
NAME 
FUNCTION 


1 
LRCIN 
Sample Rate Clock Input (fs) 


2 
DIN 
Data Input 


3 
BCKIN 
Bit Clock Input 
4 
CLKO 
Buffered 
Output 
of Oscillator 


5 
XTI 
Oscillator 
Input (External Clock Input) 


6 
XTO 
Oscillator Output 
7 
DGND 
Digital Ground 
8 
Voo 
Digital Power Supply (+5V) 
9 
Vcc2R 
Analog (DAC) +Vcc, Rch 
10 
AGND2R 
Analog (DAC) Ground, 
Rch 
11 
EXT1R 
Output Amp Common, 
Rch 
12 
EXT2R 
Output Amp Bias, Rch 


13 
VouTR 
Rch Analog Output 
14 
AGND 
Analog 
Ground 


Power Supply Vollage 
±6.5VDC 
+Vcc to VOD Voltage 
±O.1V 


Input Logic Voltage 
-D.3V - Voo +0.3V 


Power 
Dissipation 
4QOmW 


Operating Temperature.. 
. 
-25°C to +85°C 
Storage Temperature 
-55°C 
to +125°C 


Lead Temperature (soldering, 55).. 
. 
+260DC 


PIN 
NAME 
FUNCTION 


15 
Vcc1 
Analog Power Supply (+5V) 


16 
VourL 
Lch Analog Output 


17 
EXT2L 
Output Amp Bias, Lch 
18 
EXT1L 
Output Amp Common. Lch 
19 
AGND2L 
Analog (DAC) Ground, 
Lch 
20 
Vcc2L 
Analog (DAC) +Vcc, Lch 
21 
Voo 
Digital Power Supply, (+5V) 
22 
DGND 
Digital Ground 
23 
CKSL 
System Clock Select (H:3B4fs, L:256fs) 


24 
NC 
No Connection 
25 
RSTB 
Reset 
26 
MD 
Mode 
Control 


27 
MC 
Mode Control, BCK 
28 
ML 
Mode Control, WDCK 


MODEL 


PCM1715U 


PACKAGE 
DRAWING 


NUMBERI') 


217 


PACKAGE 


28-Pin SOIC 
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Serial 
1 
Data Input 


THD+N vs TEMPERATURE 
(Full Scale Output) 


I 


Vcc::::VOD = +5.0V, 
fiN = 991 Hz 
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5.0 


Vcc = Voo (V) 
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For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 


All specifications 
at +25°C. 
+VCC •• +Voo:: 
+sv, 
1s = 44.1kHz, 
SYSCLK 
= 38415125615, 
and 16·bit data, 
unless otherwise 
noted. 
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\,,, 
'\ 


lk 
10k 
100k 


Frequency (Hz) 


10 


Frequency (kHz) 


SIMULATED 
ANALOG FILTER 


FREQUENCY 
RESPONSE 


(20Hz-24kHz, 
Expanded Scale) 


1'---., 


,1'\ 
/, 
, 
/ \ 
: 
\ 
/ 
\,/ 
\ .•1' 
'..,/ 


NOTES: (1) Measured at V"", 
Pin (Pin 13 or 16). 


(2) The 
PCM1715 
has internal 
analog 
low pass 


filter to reduce 
high frequency 
noise-shaped 
spec- 
trum. Application 
of the PCM1715 
requires 
external 
post analog 
low pass filter which has 2nd-Order 
or 
3rd-Order 
attenuation 
per10rmance 
to get low noise 


analog output. 
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THEORY OF 
DELTA-SIGMA 
OPERATION 


The delta-sigma 
section of the PCM1715 
is based on a 5- 
level amplitude 
quantizer 
and a 4th-order 
filter. This con- 
verts the oversampled 
16-bit input data to 5-level 
delta- 
sigma form. A block diagram 
of the 5-level modulator 
is 


shown in Figure 
I. 


.~/ 
Out :::7-:::::--- 
afs! 
2 ~ 
_ 


16 bits 
Hf(Z) 
- 
+ 
1 __ 


+ 
0 __ 


32fs/48ls 


5-1evel 


FIGURE 
I. Block 
Diagram 
of 
5-Level 
Delta-Sigma 


Quantizer. 


This 5-level 
delta-sigma 
modulator 
has the advantage 
of 


stability 
of delta-sigma 
loop and jitter sensitivity 
over the 
typical 
I-bit (2-level) delta-sigma 
modulator. 


The combined 
oversampling 
rate of the delta-sigma 
modu- 
lator and the internal 8x oversampling 
digital filter is 48fs at 
a system clock speed of 384fs, 32fs at a system clock speed 
of 256fs. 


10 
15 


Frequency (kHz) 


A block diagram of the 4th-order 
fllter section Hf(z) in the 


delta-sigma 
modulator 
is shown in Figure 2. 


In general, 
high order 
I-bit delta-sigma 
modulators 
have 


disadvantages 
due to loop instability. 
The 5 level delta- 
sigma modulator of the PCM 1715 uses phase compensation 
techniques 
to obtain stable operation. 
In Figure 2, the coef- 


ficients, bl to b4, give the basic form of the filter and -al 
and -a2 are used for phase compensation 
of the feedback 


loop. 


The theoretical 
quantization 
noise performance 
of the 5- 


level delta-sigma 
modulator 
is shown in Figures 3 and 4. In 


the audio band, the quantization 
noise 
floor level of the 


PCMl715 
is less than -130dB 
(384fs). 


Serial inputs to MD, MC, and ML (Pins 26, 27 and 28) 
control the following 
functions: 


(1) Digital Attenuator 
[ALO - AL7, ARO - AR7] 
Attenuation 
data is constructed 
by 8-bit/Lch, 
8-bit/Rch 
(total 16-bit), can be controlled 
as 255 step attenuation 


by individual channel. ALO and ARO are LSB, and AL7 
and AR7 are MSB. Attenuation 
Level ATI 
is given by: 


-t 
. 
- --=:t- 


10 


Frequency (kHz) 
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put goes to ~ 
from the present ATI 
level. 


Moving speed from OdB to ~ 
is 1024/f. 


Initialized 
(RESET) ATI 
level is OdB. 


(2) Versatile 
Output Mode [PLO - PL3] 
By using PLO - PL3 data, up to 16 different 
output 
modes 
(LchlRchlL+R/MUTE) 
can be selected 
to the 
output of Lch and Rch, as shown in Table 1. 


Initialized 
mode is STEREO mode. 


(3) De-emphasis 
Control (DEM) 
De-emphasis 
function 
is controlled 
by DEM flag (H: 


ON, L: OFF) 


De-emphasis 
is enabled only at 44.lkHzfs. 
At other fs 
frequencies, 
de-emphasis 
error is not guaranteed. 
Initial- 
ized mode is De-emphasis 
OFF. 


(4) Attenuator 
Control (ATC) 


If common attenuator control of Lch and Rch is needed, 
use the ATC flag (ATC = "H"). Common attenuation can 
be controlled by Lch (ALO - AL7) data. Initialized mode 
is individual. 


(5) Infinity-Zero 
Detection 
The PCMI715 
has an infinity-zero detect function which 
monitors 
the input data and bit clock. When the input 


0 
0 
0 
1 
MUTE 
R 


0 
0 
, 
0 
MUTE 
L 


0 
0 
, 
1 
MUTE 
(L + R)12 


0 
1 
0 
0 
R 
MUTE 


0 
1 
0 
, 
R 
R 


0 
, 
1 
0 
R 
L 
REVERSE 


0 
1 
, 
1 
R 
(L + R)12 


1 
0 
0 
0 
L 
MUTE 


1 
0 
0 
1 
L 
R 
STEREO 


1 
0 
, 
0 
L 
L 


1 
0 
, 
1 
L 
(L + R)12 


1 
1 
0 
0 
(L + R)12 
MUTE 


1 
1 
0 
1 
(L + R)/2 
R 
, 
1 
1 
0 
(L + R)/2 
L 


1 
, 
1 
1 
(L + R)/2 
(L + R)/2 
MONO 


data is continuously 
"zero" 
for 8192 cycles of the bit 


clock, 
the 
infinity 
zero 
detect 
occurs 
and 
the 
DAC 


outputs are set to bipolar zero (l/2V cc)' 


(6) Reset 
Normally, internal initialize (reset) is done automatically 
at power 
on (V DD > 3.5V). 
The RSTB-pin 
(Pin 25) 


accepts 
external 
forced 
reset 
by 
RSTB=L. 
During 


RSTB=L, the output of the DAC is invalid, set to I/2V cc 
after 
internal 
initialize 
(1024XTI 
clock 
count 
after 


RSTB=H). 
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I' 
1 fls 
"I 


I 


~Left-Channel 
Data---..I 


I 


~ 
Right-Channel 
Data-II 


MSB 
LSB 
MSB 
LSB 


~ 
-~~~TT~~~~111411illtl-~-~TI~~~~~~frF- 


--ur ~= ~ ~:Jill~-T1hhJt = = = =TUT = =n±I.ITi1 = - 


~ 
-- ------ 
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• 
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lacy 
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tMev 
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>< 
MD 
>< 
::::) 


" 
• I- 
in 
tDH 
tDs 
tMH 
tMs 
,... 


, 
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I 
,... 
, 


tBL 
, 
tLB 
• 
i 
~: 
: 
tMCH 
:E 
,~, 


X 
\ 
!~ 
0 
LRCIN 
ML 
l 
, 
C. 


tMLy 
\\- 


FIGURE 
6. Data Input Timing. 
FIGURE 
7. Serial Mode Control Timing. 


BCK Pulsewidth 
(H Level) 
tecwH 
70ns (min) 
BCK PulsBwidth (L LBvel 
tBCWL 
70ns (min) 
BCK Pulse Cycle Time 
lacy 
14005 (mln) 


DIN Setup Time 
tDs 
30ns (min) 
DIN Hold Time 
tDH 
30ns (min) 
BCK Rising Edge ~ 
LRCI Edge 
tBL 
30ns (min) 
LRCI Edge ~ 
BCK Rising Edge 
tLB 
30ns (min) 


MC Pulsewidth 
(H Level) 
tMCWH 
SOns (min) 
MC Pulsewidth 
(L Level) 
tMCWL 
SOns (min) 
MC Pulse Cycle Time 
tMev 
lOOns (mln) 
MD Setup Time 
tMs 
30ns (min) 
MD Hold Time 
tMH 
30ns (min) 
ML Setup Time 
tMCB 
30ns (min) 
ML Hold Time 
tMCH 
30ns (min) 
ML Low-Level 
Time 
tMLy 
'Isyselk 
+ 20ns (min) 
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NOTE: 
External 
system clock inputs to XlI should meet the following conditions: 


VIH 
> O.64Voo 


V l < 0.28VOD 
TH> 
10ns 


TL> 
10ns 


Crystal 
c'I 
I 
C2 


FIGURE 
9. 
Oscillator 
Circuit 
Connection 
Diagram. 


Optional 
external 
crystal 
oscillator. 


FIGURE 
10. Oscillator 
Circuit 
Connection 
Diagram. 


External 
system 
clock. 


EVALUATION 
BOARD 


Burr-Brown's 
DEM-PCM1710 
evaluation 
board 
for the 
PCMI710 
is capable 
of evalution 
of the PCM1715 
and 
PCM 171O. Digital input signals for the evaluation 
board are 


LRCK, 
BCK, DATA, 
and system clock (256fs or 384fs). 


Power supply requirement 
is only +5V. 


The DEM-PCM17lO 
has a pattern 
layout for an optional 


crystal oscillator. 
However, 
the crystal is not installed. 
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S#U'A'd~~~ 
Stereo Audio 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
ACCEPTS 16- OR 18-BIT INPUT DATA 


• 
COMPLETE STEREO DAC: 
8X Oversampling 
Digital Filter 
Multi-Level Delta-Sigma DAC 
Analog Low Pass Filter 
Output Amplifier 


• 
HIGH PERFORMANCE: 
-9OdB THD+N 
96dB Dynamic Range 
100dB SNR 


• 
SYSTEM 
CLOCK: 
256fs or 384fs 


• 
SINGLE 
+5V POWER 
SUPPLY 


• 
SELECTABLE 
FUNCTIONS: 
Soft Mute 
Digital Attenuation 
(256 Steps) 
Digital De-emphasis 
Output 
Mode: L, R, Mono, Mute 


• 
SMALL 
20-PIN SSOP PACKAGE 


MUM UTE 


MC/DMO 


MD/DM1 


MODE 


RSTB 
EJ---- 


The PCM1717 
is a complete 
low cost stereo, audio 


digital-to-analog 
converter, 
including 
digital interpo- 
lation filter, 3rd-order 
delta-sigma 
DAC, and analog 
output amplifiers. 
PCM1717 
is fabricated 
on a highly 
advanced O.6IlCMOS 
process. PCM1717 
accepts 16- 
or l8-bit normal input data format, or 16- or l8-bit lIS 
data format. 


The digital fJ.1terperforms 
an 8X interpolation 
func- 
tion, as well as special functions 
such as soft mute, 


digital attenuation, 
and digital de-emphasis. 
The digi- 


tal filter features 
-35dB 
stop band attenuation 
and 
±O.17dB ripple in the pass band. 


PCMl717 
is suitable for a wide variety of cost-sensitive 
consumer applications 
where good performance 
is re- 


quired. Its low cost, small size, and single +5V power 
supply make it ideal for automotive CD players, book- 
shelf CD players, BS tuners, keyboards, MPEG audio, 
MIDI 
applications, 
set-top 
boxes, 
CD-ROM 
drives, 


CD-Interactive, 
and CD-Karaoke 
systems. 


ax Oversampling 


Digital 
Filter 
with 
Multi Function 
Control 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
18 
Bits 


DIGITAL 
INPUT/OUTPUT 


Logic Family 
CMOS 


Input Logic Level: 


VIHj2j 
70% of Voa 
V 
V1L(2) 
30% of VOD 
V 
V1H(3) 
70% of Voa 
V 


V1L(3) 
30% of Voa 
V 
V1H(4) 
64% of Voa 
V 
V1L(4) 
28% of Voa 
V 


Input Logic Current: 


IIH(5j 
-1 
~A 


IIL(S) 
120 
~A 


IIH(6) 
-1 
~A 


Ill(G) 
0.02 
~A 


IIH(4) 
V,N = 3.2V 
40 
~A 


IIL(4) 
V1N:: 
1.4V 
--40 
~A 
Output Logic Level: 


Vo>/'l 
IOH = -SmA 
3.8 
V 
VOl(7l 
10l = +5mA 
1.0 
V 
VOl(8) 
IOL = +5mA 
1.0 
V 


DC ACCURACY 
Gain Error 
±1.0 
±5.0 
% of FSR 
Gain Mismatch 
Channel-ta-Channel 
±1.0 
±5.0 
% of FSR 
Bipolar Zero Error 
Vo = 1/2 Vcc at Bipolar Zero 
±30 
mV 


DYNAMIC 
PERFORMANCE(l) 
Vec = +SV, fiN"" 
991Hz 
THD+N at FS (OdB) 
-90 
-a0 
dB 
THD+N at -aOdB 
-34 
dB 
Dynamic Range 
EIAJ, A-weighted 
90 
96 
dB 


5i9nal- Ta-Noise 
Ratio 
EIAJ, A-weighted 
92 
100 
dB 


Channel Separation 
90 
97 
dB 
Level Linearity Error (-gOdS) 
±C.5 
dB 


DIGITAL 
FILTER PERFORMANCE 


Pass Band Ripple 
Normal 
Mode 
±C.17 
dB 


Stop Band Attenuation 
Normal 
Mode 
-35 
dB 
Pass Band 
Normal 
Mode 
0.445 
Is 


Slop Band 
Normal 
Mode 
0.555 
Is 


De-emphasis 
Error 
(Is = 32kHz - 48kHz) 
-0.2 
+0.55 
dB 
Delay Time (Latency) 
22.25 + fs 
see 


ANALOG 
OUTPUT 


Voltage Range 
FS (OdB) OUT, Vcc = +5V 
62% 
of Vec 
Vp-p 
Load Impedance 
5 
kn 
Center Voltage 
+1/2Vcc 
V 


POWER SUPPLY 
REQUIREMENTS 


Voltage Range: +Vcc 
+4.5 
+5.5 
VDC 


+Voo 
+4.5 
+5.5 
VDC 
Supply Current: +Icc +100(9) 
+Vcc ::::+Voo ::::+5V 
18.0 
25.0 
mA 
Power Dissipation 
+Vcc ::::+VOD 
:::: +5V 
90 
125 
mW 


TEMPERATURE 
RANGE 


Operation 
-25 
+85 
°C 


Storage 
-55 
+100 
°C 


NOTES: (1) Tesled with Shibasoku #725 THO. Meter 400Hz HPF, 30kHz LPF On, Average Mode with 20kHz bandwidth limiting. (2) Pins 4, 5, 6,14: 
LRCIN, DIN, 


BCKIN, MODE. (3) Pins 15, 16, 17, 18: RSTB, MD/DMO, MC/DM1, MUMUTE 
(Schmitt trigger input). (4) Pin 1: XTI. (5) Pins IS, 16, 17, 18: RSTB, MD/DMO, MC/ 


DM1, MUM UTE (if pull-up resislor is used). (6) Pins 4, 5, 6: LRCIN, DIN, BCK N (if pull-up resistor is not used). (7) Pin 19: CLKO. (8) Pin 7: ZERO. (9) No load 
on pins 19 (CLKO) and 20 (XTO). 
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XTI 


DGND 


Voo 


LRCIN 


DIN 


BCKIN 


D/C_R 


VouTR 


AGND 
10 


20 
XTO 
LRCIN 
Sample Rate Clock Input. Controls the update rate (ts). 


CLKO 
DIN 
Serial Data Input. MSB first, right justified 
(Sony format) 


or 128 (Philips). Contains a frame of 16- or 18-bit data. 


MUM UTE 
BCKIN 
Bit Clock Input. Clocks in the data present on DIN input. 


MC/DM' 
Mode Control and Clock Signals 


XTI 
Oscillator 
Input (External 
Clock Input). 
For an internal 


MD/DM0 
clock, tie XTI to one side of the crystal oscillator. For an 


RSTB 
external 
clock, 
tie XII to the 
output 
of the 
chosen 
external 
clock. 


MODE 
14 
MODE 
Operation 
Mode 
Select. 
For Software 
Mode, 
tie Mode 
"HIGH". For Hardware 
Mode, tie Mode "LOW". 


DC_L 
16 
MD/DMO 
Mode Control for Data Input or De-emphasis. When 


VouTL 
"HIGH" MD is selected, 
and a "LOW" selects DMO. 


17 
MC/DM1 
Mode Control for BCKIN or De·emphasis. When "HIGH", 
l' 
Vcc 
Me 
is selected, 
and a "LOW" selects 
DM1. 


18 
MUMUTE 
Mode Control for Strobe Clock or Mute. When "HIGH", 
ML is selected, 
and a "LOW" selects 
mute. 


19 
CLKO 
Buffered 
Output of Oscillator. 
Equivalent 
to XTI. 


20 
XTO 
Oscillator Output. When 
using the internal clock, tie to 


the opposite 
side (from pin 1) of the crystal oscillator. 


When 
using an external 
clock, leave XTO 
open. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


PCM1717E 
20·Pin SSOP 
334·1 


Operational 
Controls and Flags 


ZERO 
Infinite Zero Detection 
Flag, open drain output. When 


the zero detection 
feature 
is muting the output, ZERO 


is "LOW". When 
non-zero 
input data is present, 
ZERO 


is in a high impedance 
state. 
When 
the input data 
is 
continuously zero for 65.536 
BCKIN cycles, zero will be 


low. 


15 
RSTB 
Resets 
DAC operation 
with an active "LOW" pulse. 


Analog Output Functions 


D/C_R 
Right Channel 
Output 
Amplifier 
Common. 
Bypass 
to 
ground with 10llF capacitor. 


Right Channel 
Analog Output. Your max ""0.62 x Vcc' 


Left Channel 
Analog Output. 
VOUT 
max "" 0.62 
x Vcc. 


Left 
Channel 
Output 
Amplifier 
Common. 
Bypass 
to 


ground with 1DIlF capacitor. 


Power Supply Connections 


2 
DGND 
Digital Ground. 


3 
Voo 
Digital Power Supply (+5V). 


10 
AGND 
Analog Ground. 


l' 
Vcc 
Analog Power Supply (+3V). 


Power Supply Voltage.. 
.. 
+6.5V 


+Vcc to +Voo Difference. 
.. 
±O.1V 


Input Logic Voltage 
-o.3V to (Voo + 0.3V) 


Power Dissipation 
200mW 
Operating 
Temperature 
Range 
-25°C 
to +85°C 


Storge Temperature 
-55°C 
to + 125°C 


Lead Temperature 
(soldering, 
5s) 
+260°C 


Thermal 
Resistance, 
0JA 
+70°CIW 
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For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 


At TA:: 
+25°C, Vs = +5V, RL = lOon, CL = 2pF, and RFB = 402Q, unless 
otherwise 
noted. 


DYNAMIC 
PERFORMANCE 


--- 
~NR 


~ 
Dy!amiC 


Range 


-84 


-86 
i!l 
:!? 


(f) 
-88 
u. 
0; 
Z+ 
-90 
0I>-- 


-92 


-80dS\ 


---- 
../ 


OdS' 


4.5 
5.0 


Vcc, VDD (V) 


-84 


-86 
i!l 
:!? 


(f) 
-88 
u. 
0; 
Z+ 
-90 
0I>-- 


-92 


~ 


-80~S V 


_V 
oIs 


-30 
100 


98 
i!l 
i!l 
:!? 
:!? 


CIl 
" 
-34 
"0 
96 
i 


g> 
'" 
0: 
0; 
u 
z 
E 
94 
+ 
[ 
0I>-- 
0 


-38 
92 


90 


-30 
-84 


-86 
i!l 
:!? 


CIl 
i!l 
-34 
"0 
-88 
0 
:!? 


"i' 
z 
0; 
+0 


Z 
I 
-90 
+ 
>-- 


0I>-- 


-38 
-92 


-94 


25615 
.' 
- - - _.- 
_.)--:-.:-::-- - - - - - 
- 
38~f5 


, 


.. 


, , 


.. 
38415 


---- .t 
.......;.~:-.:.-.- --- 


/ 
..~.... 
. 


25615 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES 


At TA = +25°C, 
Vs = +SV, RL "" 44.1kHz, 
fsys = 3841$. and 16-bit input data, unless otherwise 
noted. 


DIGITAL 
FILTER 


-100 
o 
0.45361s 
1.36051s 
2.26751s 
3.17451s 
4.08151s 


Frequency (Hz) 


DE-EMPHASIS 
FREQUENCY 
RESPONSE 
(32kHz) 


I~LEbJI 
I 


o 
5k 
10k 
15k 
20k 
25k 


Frequency (Hz) 


DE-EMPHASIS 
FREQUENCY 
RESPONSE 
(44.1 kHz) 


IJN;bJ [ 
I 


o 
5k 
10k 
15k 
20k 
25k 


Frequency (Hz) 


DE-EMPHASIS 
FREQUENCY 
RESPONSE 
(48kHz) 


I~CHJ==:::~L I 


o 
5k 
10k 
15k 
20k 
25k 


Frequency (Hz) 


w 
••••• 
~ 
••••• 
~ 


DE-EMPHASIS 
ERROR (44.1 kHz) 
== 


0.61 
3 
0 
CD 
0.4 
a. 


~ 
0~ 
~---'--7------ 


~~.~ 
.•• 


--{J.6 
-------------- 
~ 


o 
4999.8375 
9999.675 
149995125 
1999935 


Frequency (Hz) 


--{J.2 


--{J.4 


<g 


--{J.6 


--{J.8 


-1 
0.11341S 
0.22681s 
0.34021s 


Frequency (Hz) 


,~i~ 
=====:J 
W 
--{J.2 
--{J.4 


--{J.6 
----- 


o 
3628 


0.6 


1 


~ 
0.4 
1[0~ 
_ 


~ 
-0.2 
--{J.4 


--{J.6 
--- 


o 
5442 
10884 
16326 


Frequency (Hz) 
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The system 
clock for PCM1717 
must be either 256fs or 
384fs, where fs is the audio sampling 
frequency 
(typically 
32kHz, 44.lkHz, 
or 48kHz). 
The system clock is used to 
operate the digital filter and the modulator. 


The system clock can be either a crystal oscillator 
placed 
between XTI (pin I) and XTO (pin 20), or an external clock 
input to XTI. If an external 
system clock is used, XTO is 
open (floating). Figure 1 illustrates the typical system clock 
connections. 


PCM1717 
has a system clock detection circuit which auto- 
matically senses if the system clock is operating at 256fs or 
384fs. The system clock should be synchronized with LRCIN 
(pin 4) clock. 
LRCIN 
(left-right 
clock) 
operates 
at the 


sampling 
frequency 
fs. In the event these clocks 
are not 


synchronized, 
PCM1717 
can compensate 
for the phase dif- 


ference internally. If the phase difference between left-right 


C, 
---e--1 


C, 
r---i 


PCM1717E 


CRYSTAL 
RESONATOR 
CONNECTION 


and system clocks is greater than 6 bit clocks (BCKIN), 
the 
synchronization 
is performed 
internally. While the synchro- 
nization is processing, 
the analog output is forced to a DC 


level at bipolar zero. The synchronization 
typically occurs in 
less than 1 cycle of LRCIN. 


DATA INTERFACE 
FORMATS 


Digital audio data is interfaced 
to PCMI717 
on pins 4,5, 


and 6-LRCIN 
(left-right 
clock), 
DIN 
(data 
input) 
and 
BCKIN (bit clock). PCM1717 
can accept both normal and 
I2S data formats. 
Normal 
data format is MSB first, two's 
complement, 
right-justified. 
PS 
data 
is compatible 
with 
Philips serial data protocol. In the Ps format, the data is 16- 
or 18-bit, selectable by bit 0 on Register 3 (Software Control 
Mode). In the Hardware Mode, PCM1717 can only function 
with 16-bit normal data. Figures 3 through 7 illustrate timing 
and input formats. 


PCM1717E 


EXTERNAL 
CLOCK INPUT 
XTO pin", No Connection 


64% OF Yoo 
28% OF Yoo 
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allows 
the user to control 
operation 
with a 16-bit serial 
register. Hardware Mode allows the user to hard-wire opera- 
tion of PCMI717 
using four parallel wires. The MODE pin 
determines which mode PCM 1717 is in; a LOW level on pin 
14 places PCM 1717 in Hardware Mode, and a HIGH on pin 
14 places PCM1717 
in Software Mode. 


MODE (Pin 14) 
Selected 
Mode 
Pin 16 
Pin 17 
Pin 18 


"HIGH" 
Software 
Mode 
MD 
MC 
ML 
"LOW" 
Hardware 
Mode 
DMO 
DM1 
MUTE 


Table I indicates which functions 
are selectable 
within the 
user's chosen mode. All of the functions 
shown are select- 
able in the Software 
Mode, 
but only soft mute 
and de- 
emphasis 
control may be selected in the Hardware 
Mode. 


SOFTWARE 
HARDWARE 
MODE 
DEFAULT 
MODE 
DEFAULT 
FUNCTION 
SELECTABLE 
SELECTABLE 


Input Data Format 
Yes 
No 
Normal Format 
Normal 
Normal Only 
Normal 


128 Format 
Input Resolution 
Yes 
No 


16 Bits 
16 Bits 
16 Bils Only 
16 Bits 
18 Bits 


LRCIN Polarity 
Yes 
No 
UR = High/Low 
UR = H/L 
UR = H/L 
UR = H/L 
UR = Low/High 
Only 


De-emphasis 
Control 
Yes 
Yes 
32kHz 


44.1kHz 
OFF 
OFF 
48kHz 


OFF 


Soft Mute 
Yes 
OFF 
Yes 
OFF 
Digital Attenuation 
Yes 
OdB 
No 
OdB 
Analog Output Mode 
Yes 
Stereo 
No 
Stereo 
Infinite Zero Detection 
Yes 
Disabled 
No 
Disabled 
DAC Operation Control 
Yes 
ON 
No 
ON 


HARDWARE MODE 


(Pin 14 = "0") 


This mode is controlled 
by logic levels present on pins 15, 
16, 17 and 18. Hardware 
Mode allows for control of soft 
mute, digital de-emphasis 
and disable ONLY. Other func- 
tions such as attenuation, 
I/O format and infinite zero detect 
can only be controlled 
in the Software Mode. 


SOFT MUTE (Pin 18) 
A LOW level on pin 18 will force both channels to be muted; 
a HIGH level on pin 18 will allow for normal operation. 


PIN 16 
PIN 17 
MODE 


0 
0 
De-emphasis 
disabled 
1 
0 
De-emphasis 
enabled at 48kHz 
0 
1 
De-emphasis 
enabled at 44.1 kHz 
1 
1 
De·emphasls 
enabled at 32kHz 


RESET MODE (Pin 15) 
A LOW level on pin 15 will force the digital filters, modu- 
lators and mode controls into a reset (disable) mode. While 
this pin is held low, the output of PCM 1717 will be forced 
to Vcc/2 (Bipolar Zero). Bringing pin 15 HIGH will initial- 
ize all DAC functions, 
and allow for normal operation. 


SOFTWARE MODE 


(Pin 14 = "1 ") 


The Software Mode uses a three-wire 
interface on pins 16, 


17 and 18. Pin 17 (MC) is used to clock in the serial control 
data, pin 18 (ML) is used to synchronize 
the serial control 
data, and pin 16 (MD) is used to latch in the serial control 
register. There are four distinct registers, with bits 9 and 10 
(of 16) determining 
which register is in use. 


REGISTER 
B9 (AO) 
B10 (A1) 


0 
0 
0 
I 
1 
0 
2 
0 
1 
3 
1 
1 


Control data timing is shown in Figure 6. ML is used to latch_ 
the data from the control 
registers. 
After each register's 
contents are checked in, ML should be taken low to latch in 
the data. A "res" in the register 
indicates 
that location 
is 
reserved 
for factory 
use. When 
loading 
the registers, 
the 
"res" bits should be set LOW. 


Register 
0 is used to control left channel attenuation. 
Bits 
0-7 (ALO-AL7) are used to determine 
the attenuation 
level. 


The level of attenuation 
is given by: 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR· BROWN 
assumes 
no 
responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change without notice. 
No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR· BROWN does not authorize 
or warrant any BURR·BROWN 
product 
for use in life support 
devices 
and/or systems. 
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ATTENUATION 
DATA LOAD CONTROL, 
LCH 


Bit 8 (LDL) is used to simultaneously 
set analog outputs of 
Lch and Rch. An output 
level is controlled 
by AL[O:7) 


attenuation 
data when this bit is set to I. When set to 0, an 


output level is not controlled 
and remained 
at the previous 
attenuation 
level. A LDR bit in Register 
I has an equivalent 


function as the LDL. When one of LDL or LDR is set to I, 
the output 
level of the left and right channel 
is simulta- 
neously controlled. 
The attenuation 
level is given by: 


ATI 
= 20l0g (y/256) (dB), where y = x, when 0 $ X $ 254 


Y = x + I, when x = 255 


X is the user-determined 
step number, 
an integer 
value 


between 0 and 255. 


Example: 


let x = 255 


ATI = 2010g(255+ 
1) = OdB 
256 


(254) 
ATI=2010g 
- 
= -0.068dB 


256 


ATI = 20 log (_1_) 
= -48.16dB 


256 


ATI=2010g(~)= 
-~ 
256 


Register 
1 is used to control right channel 
attenuation. 
As 
in Register 
1, bits 0-7 (ARO-AR7) 
control 
the level of 


attenuation. 


Register 2 is used to control soft mute, digital de-emphasis, 
disable, and infinite zero detect. Bit 0 is used for soft mute; 
a HIGH level on bit 0 will cause the output to be muted. 
Bits 
I and 2 are used to control 
digital 
de-emphasis 
as 
shown below: 


BIT 1 (DMO) 
BIT 2 (DM1) 
DE-EMPHASIS 


0 
0 
De-emphasis 
disabled 


1 
0 
De·emphasis 
enabled 
at 48kHz 


0 
1 
DQ-9mph~sis 
enablod 
at 44.1kHz 


1 
1 
De-emphasis 
enabled 
at 32kHz 


Bits 3 (OPE) and 4 (IZD) are used to control the infinite zero 
detection 
features. 
Tables II through IV illustrate the rela- 


tionship between IZD, OPE, and RSTB (reset control): 


DATA INPUT 
DAC OUTPUT 


Zero 
Forced to BPZ(1) 


IZD.1 
Other 
Normal 


Zero 
2ero(2) 


IZD.O 
Other 
Normal 


SOFTWARE 
MODE 


DATA INPUT 
DAC OUTPUT 
INPUT 


OPE.l 
Zero 
Forced to BPZ(1) 
Enabled 


Other 
Forced 
to BPZ(1) 
Enabled 


Zero 
Controlled 
by IZD 
Enabled 
OPE.O 
Other 
Normal 
Enabled 


SOFTWARE 
MODE 


DATA INPUT 
DAC OUTPUT 
INPUT 


RSTB • "HIGH" 
Zero 
Controlled by OPE and IZD 
Enabled 


Other 
Controlled by OPE and IZD 
Enabled 


Zero 
Forced to BPZ(l} 
Disabled 


RSTB. 
"LOW" 


Forced to BPZ(l) 
Other 
Disabled 


TABLE IV. Reset (RSTB) Function. 


NOTE: (1) l\:l: is disconnected 
from output amplrtier. (2) l\:l: is connected 
to 


output 
amplifier. 


OPE 
controls 
the operation 
of the DAC: 
when 
OPE 
is 


"LOW", the DAC will convert all non-zero input data. If the 
input data is continuously 
zero for 65,536 cycles of BCKIN, 


the output will only be forced to zero only if IZD is "HIGH". 
When OPE is "HIGH", the output of the DAC will be forced 
to bipolar zero, irrespective 
of any input data. 


IZD controls the operation of the zero detect feature: when 
IZD is "LOW", 
the zero detect 
circuit 
is off. Under this 


condition, 
no automatic 
muting 
will occur if the input is 


continuously 
zero. When IZD is "HIGH", 
the zero detect 
feature is enabled. If the input data is continuously 
zero for 
65,536 
cycle of BCKIN, 
the output 
will be immediately 


forced to a bipolar zero state (Vccl2). The zero detection 
feature is used to avoid noise which may occur when the 
input is DC. When the output is forced to bipolar zero, there 
may be an audible click. PCM1717 
allows the zero detect 
feature to be disabled so the user can implement 
an external 
muting circuit. 


Register 3 is used to select the I/O data formats. Bit 0 (lIS) 
is used to control the input data format. 
If the input data 
source is normal (16- or 18-bit, MSB flrst, right-justifled), 
set bit 0 "LOW". If the input format is lIS, set bit 0 "HIGH". 
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f-.--------------l 
fl5 


Left-channel 
Data 
----_-_---- 
Right-channel 
Data----~ 


BCKIN (pin 6) Jl.flJin-- 


Audio 
Data 
Word. 
16-Bit 
I 


DIN (pin 5) 
-1-4~1-15~11-6-;1~--- 


Audio 
Data 
Word 
_ to-Bit 


DIN (pin 5) 
-1-6-1-17-1-18-' 


FIGURE 
3_ "Normal" 
Data Input Timing_ 


~-------'-- 


lJlflflflfl.: 
..flJU1JU1J 
~.:fUl.JUL 


MSB 
LSBI 


~~~~Il 
12131 
1141151161 


MSB 
LSB 


11 I 2 1 3 1_ - I 141151161 


LSB 


116117118 I - 


LSB 


~1161171181 


11/5 
, 
. 
Left-ehannel 
Data 
. 
Right-ehannel 
Data 
, 


LRCIN (pin 4) 
+ 
I 
ltmn IlJLJ1JUUL ~ 
BCKIN (pin 6) mutrlm-m- J1JlflJlfL 


Audio 
Data 
Word 
= 16-Bit 
MSB 
LSB 
MSB 
LSB 


DIN (pin 5) 
1 I 2 I 3 I 
1141151161 
11 I 2 1 3 I 
1 141151161 
b 


- - - 
- 
- 
- - 
- - 
- - - 


Audio Data Word", la·Bit 
MSB 
LSB 


~. 


LSB 
- 
- 
- 


116117118 I 


- 


1161171181 


- - - 


DIN (pin 5) 
1 I 2 I 3 I 
1 
2 
3 
1 
2 
- - 
- 
- -- 
- . 
- . 
- 
- 
- - 


LRCIN - - - - - - - - - - - - -K---------.50% of Voo 


DIN3--~--)(-- 
------~ 
50%ofVoo 


I-I~I 


tOH 
tos 


BCKIN Pulsewidth 
(High Level) 


BCKIN Pulsewidth 
(Low Level) 


BCKIN Pulse Cycle Time 
BCKIN Rising Edge - 
LRCIN Edge 
LRCIN Edge - 
BCKIN Rising Edge 
DIN Setup Time 
DIN Hold Time 


50ns (min) 
50ns (min) 
lOOns (min) 
30ns (min) 
30ns (min) 
30ns (min) 
30ns (min) 


Bit I is used to select the polarity of LRCIN 
(sample rate 
clock). When bit I is LOW, a HIGH state on LRCIN is used 
for the left channel, and a LOW slate on LRCIN is used for 
the right channel. When bit I is HIGH the polarity ofLRCIN 
is reversed. 


Bit 2 is used to select the input word length. When bit 2 is 
LOW, lhe inpul word length is set for 16 bits; when bit 2 is 
HIGH, the input word length is set for 18 bits. 


w 
•......,... 
•......,... 
Bit 3 is used as an attenuation 
control. 
When bit 3 is set := 
HIGH, the attenuation 
data on Register 
0 is used for both 
0 
channels, 
and the data in Register 
I is ignored. When bit 3 
Q. 


is LOW, each channel has separate attenuation 
data. 


Bits 4 through 7 are used to determine 
the output format, as~ 


shown in Table V: 
~ 


PLO 
PLl 
PL2 
PL3 
Lch OUTPUT 
Rch OUTPUT 
NOTE 


0 
0 
0 
0 
MUTE 
MUTE 
MUTE 
0 
0 
0 
1 
MUTE 
R 
0 
0 
1 
0 
MUTE 
L 
0 
0 
1 
1 
MUTE 
(L + R)/2 


0 
1 
0 
0 
R 
MUTE 


0 
1 
0 
1 
R 
R 
0 
1 
1 
0 
R 
L 
REVERSE 
0 
1 
1 
1 
R 
(L + R)/2 


1 
0 
0 
0 
L 
MUTE 
1 
0 
0 
1 
L 
R 
STEREO 


1 
0 
t 
0 
L 
L 
1 
0 
1 
1 
L 
(L + R)/2 
1 
1 
0 
0 
(L + R)/2 
MUTE 
1 
1 
0 
1 
(L + R)/2 
R 
1 
1 
1 
0 
(L + R)/2 
L 
1 
1 
1 
1 
(L + R)12 
(L + R)12 
MONO 


REGISTER 
RESET STATES 
After reset, each register is set to a predetermined 
state: 


Register 0 
Register 1 
Register 2 
Register 3 


0000 0000 11111111 
0000000111111111 
0000 0010 0000 0110 
0000 0011 1001 0000 
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MC Pulse Cycle 
t""y 
lOOns (min) 
MC Pulsewidth 
"L" 
4.CL 
SOns (min) 
MC Pulse Cycle "H" 
I""H 
SOns (min) 
MD Selup Time 
tMOS 
30ns (min) 


MD Hold Time 
IMOH 
30ns (mini 
ML Selup Time 
tMLS 
30ns (min) 
ML Hold Time 
tMLH 
30ns (min) 


ML 
Pulsewidth 
~L· 
4.LL 
30ns + 1SYSCLK 
(min) 


RSTB~ 
-----, 
IRST 


PCM 


Audio 
Data 
P<ocosso< 
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POWER SUPPLY 
CONNECTIONS 


PCM 1717 has two power supply connections: 
digital (V DD) 
and analog 
(Vcc)' 
Each 
connection 
also has a separate 
ground. If the power supplies turn on at different times, there 
is a possibility 
of a latch-up condition. 
To avoid this condi- 


tion, 
it is recommended 
to have 
a common 
connection 
between the digital and analog power supplies. 
If separate 
supplies 
are used without a common 
connection, 
the delta 
between the two supplies during ramp-up time must be less 
than 0.6V. 


An application circuit to avoid a latch-up condition is shown 
in Figure 9. 


The power supplies should be bypassed as close as possible 
to the unit. Refer to Figure 8 for optimal values of bypass 
capacitors. 


The delta-sigma 
section of PCM1717 
is based on a 5-1evel 


amplitude 
quantizer 
and a 3rd-order 
noise 
shaper. 
This 


section converts the oversampled 
input data to 5-level delta- 
sigma format. 


A block diagram 
of the 5-level 
delta-sigma 
modulator 
is 
shown in Figure 10. This 5-level delta-sigma 
modulator has 
the advantage of stability and clock jitter sensitivity over the 
typical one-bit (2 level) delta-sigma 
modulator. 


The combined 
oversampling 
rate of the delta-sigma 
modu- 
lator and the internal 8-times interpolation 
filter is 48fs for 
a 384fs system clock, and 64fs for a 256fs system clock. The 
theoretical 
quantization 
noise performance 
of the 5-level 
delta-sigma 
modulator 
is shown in Figure 
II. 


Multi Level 
\11111 


1111"."1111"1111.1111" 
111111 
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APPLICATION 
CONSIDERATIONS 


There is a fInite delay time in delta-sigma converters. In AID 
converters, 
this is commonly 
referred 
to as latency. For a 
delta-sigma 
D/A converter, delay time is determined 
by the 
order number of the FIR filter stage, and the chosen sampling 
rate. The following 
equation 
expresses 
the delay time of 
PCMI717: 


Applications 
using data from a disc or tape source, such as 
CD audio, CD-Interactive, 
Video CD, OAT, Minidisc, etc., 
generally 
are not affected by delay time. For some profes- 


sional applications 
such as broadcast audio for studios, it is 
important 
for total delay time to be less than 2ms. 


INTERNAL 
RESET 


When power is fIrst appHed to PCM 1717, an automatic reset 
function 
occurs after 1,024 cycles of XTI clock. Refer to 
Table I for default conditions. 
During the fIrst 1,024 cycles 
of XTI clock, PCMI717 
cannot be programmed 
(Software 
Control). Data can be loaded into the control registers during 
this time, and after 1,204 cycles of XTI clock, a "LOW" on 
ML (pin 18) will initiate programming. 


For testing 
purposes 
all dynamic 
tests 
are done 
on the 
PCMI717 
using a 20kHz low pass filter. This filter limits 
the measured bandwidth for THD+N, etc. to 20kHz. Failure 
to use such a filter will result in higher THD+N 
and lower 


SNR and Dynamic 
Range readings 
than are found in the 


specifIcations. 
The 
low pass filter removes 
out of band 
noise. Although 
it is not audible, 
it may affect dynamic 


specifIcation 
numbers. 


The performance 
of the internal low pass filter from DC to 
24kHz is shown in Figure 12. The higher frequency 
rolloff 
of the filter is shown in Figure 13. If the user's application 
has the PCM1717 driving a wideband amplifIer, it is recom- 
mended 
to use an external 
low pass filter. A simple 3rd- 
order filter is shown in Figure 14. For some applications, 
a 


passive RC filter or 2nd-order 
fIlter may be adequate. 
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Figure 
IS illustrates 
the actual 
test conditions 
applied 
to 


PCM1717 
in production. 
The 11th-order filter is necessary 


in the production 
environment 
for the removal 
of noise 


resulting from the relatively long physical distance between 
the unit and the test analyzer. In most actual applications, 
the 


3rd-order 
filter 
shown 
in Figure 
14 is adequate. 
Under 
normal 
conditions, 
THD+N 
typical performance 
is -70dB 
with a 30kHz 
low pass filter 
(shown 
here on the THD 
meter), improving 
to -89dB 
when the external 20kHz II th- 


order filter is used. 


EVALUATION 
FIXTURES 


Three evaluation 
fixtures are available for PCM1717. 


This evaluation fixture is primarily intended for quick evalu- 
ation of the PCM1717's 
performance. 
DEM-PCM1717 
can 
accept 
either an external 
clock or a user-installed 
crystal 


oscillator. All of the functions can be controlled by on-board 
switches. DEM-PCM1717 
does not contain a receiver chip 
or an external 
low pass filter. DEM-PCMI717 
requires 
a 
single +5V power supply. 


Delta-sigma 
DACs are by nature very sensitive to jitter on 


the master clock. Phase noise on the clock will result in an 
increase in noise, ultimately 
degrading 
dynamic range. It is 


difficult 
to quantify 
the effect of jitter due to problems 
in 
synthesizing 
low levels of jitter. One of the reasons delta- 
sigma 
DACs 
are prone 
to jitter 
sensitivity 
is the large 


quantization 
noise when the modulator can only achieve two 


discrete output levels (0 or I). The multi-level 
delta-sigma 


DAC has improved 
theoretical 
SNR because 
of multiple 
output 
states. This reduces 
sensitivity 
to jitter. 
Figure 
16 


contrasts jitter sensitivity between a one-bit PWM type DAC 
and multi-level 
delta-sigma 
DAC. 
The data was derived 


using a simulator, 
where clock jitter could be completely 


synthesized. 
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PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NonCE 


Sav~cr~NStereo 
Audio 
DIGITAL- TO-ANALOG 
CONVERTER 


• 
ACCEPTS 16- or 18-BIT I2S, OR 18-BIT 
NORMAL INPUT DATA 


• 
COMPLETE STEREO DAC: 
8X Oversampling 
Digital Filter 
Muhi-Level Delta-Sigma DAC 
Analog Low Pass Finer 
Output Amplifier 


• 
HIGH PERFORMANCE: 
-90dB 
THD+N 
96dB Dynamic Range 
100dB SNR 


• 
SYSTEM 
CLOCK: 
256fs or 384fs 


• 
WIDE POWER 
SUPPLY: 
+2.7V to +5.5V 


• 
SELECTABLE 
FUNCTIONS: 
Soft Mute 
Digital De-emphasis 


• 
SMALL 
20-PIN SSOP PACKAGE 


The PCM17l8 
is a complete 
low cost stereo, audio 


digital-to-analog 
converter, 
including 
digital interpo- 


lation filter, 3rd-order 
delta-sigma 
DAC, and analog 
output amplifiers. 
PCM17l8 
is fabricated 
on a highly 
advanced O.6I!CMOS process. PCMl7l8 
accepts 18- 


bit normal input data format, or 16- or l8-bit PS data 
format. 


The digital filter performs 
an 8X interpolation 
func- 
tion, as well as special functions such as soft mute and 
digital de-emphasis. 


PCM1718 is suitable for a wide variety of cost-sensitive 
consumer applications 
where good performance 
is re- 
quired. Its low cost, small size, and single power supply 
make it ideal for BS tuners, keyboards, MPEG audio, 
PCMCIA 
audio cards, MIDI applications, 
and set-top 


boxes. 


BCKIN 
VoUTL 


LRCIN 
D/C_L 
ax Oversampling 


DIN 
Digital Filter with 
Multi Function 


Control 


VoUTR 


MUTE 
D/C_R 


DMO 


DM1 
ZERO 


FORMAT 


RSTB 
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SPECIFICATIONS 


PCM1718E 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
18 
Bits 


DIGITAL 
INPUT/OUTPUT 
Logic Family 
CMOS 


Input Logic Level: 
V1H(2) 
70% of VOD 
V 
V1L(2) 
30% of Voa 
V 
V1H(3) 
70% of Voa 
V 
V1L(3) 
30% of Voo 
V 
V,Hi4) 
64% of Voa 
V 
Vll(4) 
28% of Voo 
V 
Input Logic Current: 


'IH1S) 
-1 
~A 


IIL(5) 
120 
~ 


IIH(6) 
-1 
~ 


IIL(6) 
0.02 
~ 


I'H(4) 
V,N = 3.2V 
40 
~A 


Ill(4) 
VIN:::1.4V 
-40 
~ 
Output Logic Level: 
VOH(7) 
IOH::: -SmA 
3.8 
V 
vo<.m 
10l = +5mA 
1.0 
V 


VOltS) 
lOt..:: +SmA 
1.0 
V 


DC ACCURACY 
Gain Error 
±1.0 
±5.0 
% of FSR 


Gain Mismatch Channel-ta-Channel 
±1.0 
±S.O 
% of FSR 
Bipolar Zero Error 
Vo = 1/2 Vec at Bipolar Zero 
±30 
mV 


DYNAMIC 
PERFORMANCElt) 
Vcc = +5V, I'N = 991 Hz 
THD+N at FS (OdB) 
-90 
-80 
dB 
THD+N at -aOdB 
-34 
dB 


Dynamic Range 
EIAJ, A-weighted 
90 
96 
dB 
W 
Signal- To-Noise 
Ratio 
EiAJ, A-weighted 
92 
100 
dB 
ClO 


Channel Separation 
90 
97 
dB 
'I"'" 
Level Linearity 
Error (-9OdB) 
±D.5 
dB 
•••••• 


DIGITAL 
FILTER PERFORMANCE 
'I"'" 


Pass Band Ripple 
Normal 
Mode 
±0.17 
dB 
~ 


Stop Band Attenuation 
Normal 
Mode 
-35 
dB 
0 
Pass Band 
Normal 
Mode 
0.445 
fs 
a. 


Stop Band 
Normal 
Mode 
0.555 
Is 


De-emphasis 
Error 
(Is = 32kHz - 48kHz) 
-0.2 
+0.55 
dB •• 


Deiay Time (Latency) 
22.25 + Is 
see 


ANALOG 
OUTPUT 


Voltage Range 
FS (OdB) OUT, Vcc = +5V 
62% of Vce 
Vp-p 


Load Impedance 
5 
kn 
Center Voltage 
50% of Vec 
V 
~ 
POWER SUPPLY 
REQUIREMENTS 


Voltage Range: +Vcc 
+2.7 
+5.5 
VDC 
C 


+Voo 
+2.7 
+5.5 
VDC 
I 
Supply Current 
+lcc +100(9) 
+Vcc = +Voo ;: +SV 
18.0 
25.0 
mA 
en 
Power Dissipation 
+Vcc :: +VOD = +SV 
90 
125 
mW 
I- 


TEMPERATURE 
RANGE 
0 
Operation 
-25 
+85 
°C 
;:) 
Storage 
-55 
+100 
°C 
C 


NOTES: (1) Tested with Shibasoku #725 THD. Meter 400Hz HPF, 30kHz LPF On, Average Mode with 20kHz bandwidth 
limiting. (2) Pins 4, 5, 6, 14: LRCIN, DIN, 


BCKIN, FORMAT. 
(3) Pins 15, 16, 17, 18: RSTB, DMO, DM1, MUTE (Schmitt trigger input). (4) Pin 1: XTI. (5) Pins 15, 16, 17, 18: RSTB, DMO, DM1, MUTE (il 


pull-up resistor is used). (6) Pins 4, 5, 6: LRCIN, DIN, BCKIN (il pull-up resistor is not used). (7) Pin 19: CLKO. (8) Pin 7: ZERO. (9) No load on pins 19 (CLKO) 
and 20 (XTO). 


Tho information 
provided 
herein Is bel/eved 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without 
notice. 
No patent 
rights or licenses 
to any of the circuits 
described 
herein are implied 
or granted 
to any third party. BURR·BROWN 
does not authorize 
or warrant 
any BURR·BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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PIN CONFIGURATION 


TOP VIEW 
SSOP 


XTI 
20 
XTO 


DGND 
19 
CLKO 


MUTE 


DM1 


DMO 


RSTB 


FORMAT 


DC_L 


VouTL 


AGND 
10 
11 
Vcc 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


PCM1718E 
20-Pin SSOP 
334-1 


Power Supply Voltage.. 
. 
+6.5V 
+Vcc to +VDD Difference 
±O.1V 


Input Logic Voltage 
-{).3V to (Voo + 0.3V) 


Power Dissipation. 
. 
200mW 
Operating 
Temperature 
Range 
-25"C 
to +85°C 


Storge Temperature 
-55°C 
to +125"C 


Lead Temperature 
(soldering, 
5s) 
+260"C 
Thermal 
Resistance, 
6JA... 
.• +70"C/W 


PIN 
NAME 
FUNCTION 


Data Input Interface 
Pins 


4 
LRCIN 
Sample Rate Clock Input. Controls the update rate (fs). 


5 
DIN 
Serial Data Input. MSB first, right justified (Sony format, 
18 bits) or I'S (Philips format, 16 or 18 bits). 


6 
BCKIN 
Bit Clock Input. Clocks in the data present on DIN input. 


Mode 
Control 
and Clock 
Signals 


1 
XTI 
Oscillator 
Input (External Clock Input). For an internal 


clock, tie XTl to one side of the crystal oscillator. For an 


external 
clock, 
tie XTI 
to the 
output 
of the 
chosen 
external 
clock. 


14 
FORMAT 
A "HIGH" selects 
I'S input data format, 
and a "LOW" 


selects Normal 
(Sony) 
input data format. 


16 
DMO 
De-emphasis 
selection. 


17 
DM1 
De-emphasis 
selection. 


18 
MUTE 
Soft Mute 
Control. 
When 
set -LOW", 
the outputs are 
muted. 


19 
CLKO 
Buffered 
Output of Oscillator. 
Equivalent 
to XTI. 


20 
XTO 
Oscillator Output. When 
using the internal clock, tie to 


the opposite 
side (from pin 1) of the crystal oscillator. 
When 
using an external 
clock, leave XTO 
open. 


Operational 
Controls 
and 
Flags 


7 
ZERO 
Infinite Zero 
Detection 
Flag, open drain output. When 
the 
input 
is continuously 
zero 
for 65,536 
cycles 
of 


BCKIN, ZERO is "LOW". 


15 
RSTB 
Resets 
DAC operation 
with an active "LOW" pulse. 


Analog 
Output 
Functions 


8 
DIC_R 
Right Channel 
Output 
Amplifier 
Common. 
Bypass 
to 
ground with lC4lF capacitor. 


9 
VQUTR 
Right Channel 
Analog Output. VOUT max ""0.62 x Vcc. 


12 
VoUTL 
Left Channel 
Analog Output. VOl/T max "" 0.62 
x Vcc' 


13 
DIC_L 
Left 
Channel 
Output 
Amplifier 
Common. 
Bypass 
to 
ground with 10~F capacitor. 


Power 
Supply 
Connections 


2 
DGND 
Digital Ground. 


3 
Voo 
Digital Power Supply (+5V or +3V). 


10 
AGND 
Analog Ground. 


11 
Vcc 
Analog Power Supply (+5V or +3V). 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES 


At TA::: +25°C, Vs = +SV, RL = lOon, CL = 2pF, and RFB = 4020, 
unless 
otherwise 
noted. 


DYNAMIC 
PERFORMANCE 


--- 
~NR 


~ 
Dy!amiC 


Range 


-84 


-86 


1D~ 
(f) 
-88 


LL 
1iiz+ 
-90 
aIf- 


-92 


-8OdS\ 


---- 
~ 


OdS 


-30 
-84 


-86 
1D~ 
al 
1D 
-34 
"0 
-88 
0 
~ 


'f 
z 


1ii 
+a 
z 
I 
-90 
+ 
f- 
aIf- 


-38 
-92 


-94 


4.5 
5.0 


Vcc. 
Voo 
(V) 


1D~ 
g, 
96 


'"a: 
" 
.~ 
94 
ti 


-84 


-86 


1D~ 
(f) 
-88 


LL 
1iiz+ 
-90 
aIf- 


-92 


~ 


-8~S 
/---- 


oJs 


384fs 


- - - - -t 
~... "" ..... -:.: .-.. - - - - - 
I 
--- 


2561s 


25 
50 


Temperature 
(0C) 
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l1li 


At TA = +25°C, Vs = +5V, RL = 44.1kHz, fsys = 3841s, and 18·bit input data, unless otherwise noted. 


DIGITAL 
FILTER 


1.36051s 
2.26751s 
3.17451s 
4.08151s 


Frequency (Hz) 


DE-EMPHASIS 
FREQUENCY 
RESPONSE (32kHz) 
i:1~ 
i_I 


o 
5k 
10k 
15k 
20k 
25k 


Frequency (Hz) 


DE-EMPHASIS 
FREQUENCY 
RESPONSE 
(44.1kHz) 


t~CflJ 
[ I 


-12 


o 
5k 
10k 
15k 
20k 
25k 


Frequency (Hz) 


DE-EMPHASIS 
FREQUENCY 
RESPONSE 
(48kHz) 
iJCflJ 
L I 


o 
5k 
10k 
15k 
20k 
25k 


Frequency (Hz) 


-0.2 


-0.4 


'1l 


-0.6 


-0.8 


-1 
0.22681s 


Frequency (Hz) 


~.~~ 
g 
~.2 
w 
~.4 
-0.6 
o 


~~~ 
g 
~.2 
w 
-0.4 
-0.6 
o 


0.6 


1 


0.4 


~ 
0.2 
g -o~ 
w 
~.4 
-0.6 
o 
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SYSTEM CLOCK 


The system 
clock for PCMI718 
must be either 256fs or 


384fs, where fs is the audio sampling 
frequency 
(typically 


32kHz, 44.lkHz, 
or 48kHz). 
The system clock is used to 
operate the digital filter and the modulator. 


The system clock can be either a crystal oscillator 
placed 
between XTI (pin I) and XTO (pin 20), or an external clock 
input to XTI. If an external 
system clock is used, XTO is 


open (floating). Figure I illustrates the typical system clock 
connections. 


PCMI718 
has a system clock detection circuit which auto- 


matically senses if the system clock is operating at 256fs or 
384fs. The system clock should be synchronized 
with LRCIN 
(pin 4) clock. 
LRCIN 
(left-right 
clock) 
operates 
at the 
sampling 
frequency 
fs. In the event these clocks 
are not 


synchronized, 
PCMI718 
can compensate 
for the phase dif- 


C, 
~ 


PCM1718E 


CRYSTAL 
RESONATOR 
CONNECTION 


ference internally. If the phase difference 
between left-right 
and system clocks is greater than 6 bit clocks (BCKIN), the 
synchronization 
is performed 
internally. While the synchro- 


nization is processing, 
the analog output is forced to a DC 


level at bipolar zero. The synchronization 
typically occurs in 


less than I cycle of LRCIN. 


DATA INTERFACE 
FORMATS 


Digital audio data is interfaced 
to PCM1718 
on pins 4,5, 


and 6--LRCIN 
(left-right 
clock), 
DIN 
(data 
input) 
and 


BCKIN (bit clock). PCM1718 
can accept both normal and 
[2S data formats. 
Normal 
data format is MSB first, two's 


complement, 
right-justified. 
[2S data 
is compatible 
with 


Philips serial data protocol. 
Figures 
3 and 4 illustrate 
the 


input data formats. 


PCM1718E 


EXTERNAL CLOCK INPUT 
XTO 
pin = No Connection 


64% OF Voa 
28% OF Voo 


PCM1718 
allows the user to control the input data format, 


soft mute, and digital de-emphasis 
frequency. 
Table I illus- 
trates the selectable 
functions: 


FUNCTION 
CONTROL 
PIN 


Data 
Input Format 
FORMAT 
(Pin 14) 


Normal 
1'5 


De-emphasis 
DMO, DM1 (Pins 16, 17) 


32kHz 
44.1kHz 
48kHz 


Soft Mute 
MUTE (Pin 18) 


Re8Qt 
RSTB 
(Pin 
15) 
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I 


BCKIN (pin 6) -.fl.fl.flJl- --- l..fU1.fUl..fl: - 


Audio Data Word = 18-Bit 
MSB 


DIN (pin 5) 
16 
17 
18 
------~-1-1-1-2-1-3-r~~~~-- 


LSB 
MSB 


1617 
18 
~~~~~~~~~~1-1~1-2~1-3~L_h_ 


1 


'~··~--------------_lI!S-------------_ 


- 
Left-channel Data----~._II~.~-----Ri9ht-channel Oata---_I 


----1+ 
, 
t 


-1 


J1SUU1finJl:-~ 
-.::fUliUUl ruu1JlflSll..fl.nJlf 


Audio Data Word 
0; 16-Bit 


DIN (pin 5) 


MSB 


-~1112131 


IMSB 


_ 
1 
1 2 
1 3 
I 


I 


LSB 


1141151161 


Audio Data Word = 18-Bit 


DIN (pin 5) 


l.SB 
GYlys] 


LRCIN _-_- 
-_-_-_-~-' 
~ 
- - - - - - - 
50% of VOD 


DIN3--~--~-------'Ie. 50%ofVDD 


1-1'--'1 


tOH 
IDS 


BCKIN Pulsewidth 
(High Level) 


BCKIN Pulsewidth 
(Low Level) 


BCKIN Pulse Cycle Time 
BCKIN Rising Edge ~ 
LRCIN Edge 
LRCIN Edge ~ 
BCKIN Rising Edge 
DIN Setup nme 
DIN Hold Time 


SOns (min) 
SOns (min) 
lOOns (min) 
30ns (min) 
30ns (min) 
30ns (min) 
30ns (min) 


LSB 


1141151161 
F 
bE 
~ 
~ 


LSB 


1161171181 


Data Format 


A "HIGH" 
on pin 14 (FORMAT) 
sets the input format to 
12S, and a "LOW" 
sets the format to Normal 
(MSB-first, 


right-justified 
Sony format). 


Soft Mute 


A "LOW" 
on pin 18 (MUTE) 
causes 
both outputs 
to be 
muted. This muting is done in the digital domain so there is 
no audible "click" when the soft mute is enacted. 


De-Emphasis 


PCMI7l8 
allows for digital de-emphasis 
for all three stan- 
dard sampling 
frequencies: 


OM1 (Pin 17) 
OMO (Pin 16) 
De-Emphasis 
Mode 


0 
0 
OFF 
0 
1 
48kHz 
1 
0 
44.1kHz 
1 
1 
32kHz 
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PCM 1718 has both internal power on reset circuit and the 
RSTB-pin 
(pin 15) which accepts external 
forced reset by 
RSTB = LOW. For internal power on reset, initialize (reset) 
is done automatically 
at power on VDD >2.2V (typ). During 
internal reset = LOW, the output of the DAC is invalid and 
the analog outputs are forced to Vcc/2. Figure 6 illustrates 
the timing of internal power on reset. 


For the RSTB-pin, PSTB-pin accepts external rorceu It",,, uy 
RSTB = L. During RSTB = L, the output of the DAC is 
invalid 
and the analog 
outputs 
are forced 
to Vcc/2 
after 
internal initialize (1024 system clocks count after RSTB = H.) 
Figure 7 illustrates the timing of RSTB-pin 
reset. 


26V~~ 
VceNoo 
22V 


18V~ 
: 


Reset 


,~.~--------------- 
Reset Removal 


Internal Reset t:_' ' i_~--L 
",- 
_ 


RSTB-pin L 
. 
L 
L-J. 
_ 


Internal Reset H_' __ ~ 
.I. 
_ 


PCM 
Audio Data 
Processor 


FIGURE 
8. Typical Connection 
Diagram of PCM1718. 
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YLMll 
HShas two power supply connections: 
ctigiiaf (VDD) 
- 


and analog 
(Vcc). 
Each 
connection 
also 
has a separate 


ground. If the power supplies turn on at different times, there 
is a possibility 
of a latch-up condition. 
To avoid this condi- 


tion, 
it is recommended 
to have 
a common 
connection 
between 
the digital and analog power supplies. 
If separate 


supplies 
are used without a common 
connection, 
the delta 


between the two supplies during ramp-up time must be less 
than O.6V. 


An application 
circuit to avoid a latch-up condition is shown 
in Figure 9. 


BYPASSING 
POWER 
SUPPLIES 


The power supplies should be bypassed as close as possible 
to the unit. Refer to Figure 8 for optimal values of bypass 
capacitors. 


The delta-sigma 
section of PCMI718 
is based on a 5-level 
amplitude 
quantizer 
and a 3rd-order 
noise 
shaper. 
This 
section converts the oversampled 
input data to 5-level delta- 


sigma format. 


Out 


4815 (38415) 
6415 (25615) 


A block diagram 
of the 5-1evel delta-sigma 
modulator 
is 
shown in Figure 10. This 5-level delta-sigma 
modulator 
has 


the advantage of stability and clock jitter sensitivity over the 
typical one-bit (2 level) delta-sigma 
modulator. 


The combined 
oversampling 
rate of the delta-sigma 
modu- 
lator and the internal 8-times interpolation 
filter is 48fs for 
a 384fs system clock, and 64fs for a 256fs system clock. The 
theoretical 
quantization 
noise performance 
of the 5-level 


delta-sigma 
modulator 
is shown in Figure 
II. 


Multi Level 
111111 


111111.111111111111.111111 


111111 
Delta Sigma 


20 


0 


-20 


-40 
coy 
-j)0 


c 
-j)0 
0a; 
Cl 
-100 


-120 


-140 


-160 
0 
10 
15 
20 
25 


4 .•7. 
3 
_ 


2 
_ 


1 _. 


0 __ 
/ 
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APPLICATION 
CONSIDERATIONS 


There is a finite delay time in delta-sigma converters. In AID 
converters, 
this is commonly 
referred to as latency. For a 
delta-sigma 
D/A converter, delay time is determined 
by the 
order number of the FIR filter stage, and the chosen sampling 
rate. The following 
equation 
expresses 
the delay time of 
PCM1718: 


For fs = 44.lkHz, 
TD = 22.25/44.lkHz 
= 502.8~ 


Applications 
using data from a disc or tape source, such as 
CD audio, CD-Interactive, 
Video CD, OAT, Minidisc, etc., 
generally 
are not affected by delay time. For some profes- 
sional applications 
such as broadcast audio for studios, it is 
important 
for total delay time to be less than 2ms. 


OUTPUT 
FILTERING 


For testing 
purposes 
all dynamic 
tests 
are done 
on the 
PCM1718 
using a 20kHz low pass filter. This filter limits 
the measured bandwidth 
for THD+N, etc. to 20kHz. Failure 
to use such a filter will result in higher THD+N and lower 
SNR and Dynamic 
Range readings 
than are found in the 
specifications. 
The low pass 
filter removes 
out of band 
noise. Although 
it is not audible, 
it may affect dynamic 
specification 
numbers. 


The performance 
of the internal low pass filter from DC to 
24kHz is shown in Figure 12. The higher frequency 
rolloff 
of the filter is shown in Figure 
13. If the user's application 
has the PCMI718 
driving a wideband amplifier, it is recom- 
mended 
to use an external 
low pass filter. A simple 3rd- 
order filter is shown in Figure 14. For some applications, 
a 
passive RC filter or 2nd-order 
filter may be adequate. 


- 


- 


;;:;:: 


10 
5 
o 
-5 
-10 
-15 


CD 
-20 
" 
-25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 


10 


""- "'\. 


\. 


\. 
\\\ 


1k 
10k 
lOOk 


Frequency (Hz) 


- 
- 
- 
-:c 
- 
= 
- 
- 


- 
- 
~I'; 
\ 
-1\ 
Phase 


- 


....... 


90 


0 


-90 -j 
-180 
0- 


-270 


iil -34 
:E!. 
c 
"a; 
" 
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TEST CONDITIONS 


Figure 
15 illustrates 
the actual test conditions 
applied 
to 
PCM 1718 in production. 
The II th-order filter is necessary 


in the production 
environment 
for the removal 
of noise 
resulting from the relatively long physical distance between 
the unit and the test analyzer. In most actual applications, 
the 
3rd-order 
filter 
shown 
in Figure 
14 is adequate. 
Under 
normal 
conditions, 
THD+N 
typical performance 
is -70dB 


with a 30kHz 
low pass filter (shown 
here on the THD 
meter), improving to -89dB 
when the external 20kHz Ilth- 


order fIlter is used. For cost-sensitive 
applications, 
a single 
RC filter, as shown in Figure 18, may be adequate. 


EVALUATION 
FIXTURES 


DEM-PCM1718 


This evaluation fixture is primarily intended for quick evalu- 
ation of the PCM1718's 
performance. 
DEM-PCM1718 
can 
accept either 
an external 
clock or a user-installed 
crystal 


oscillator. All of the functions can be controlled by on-board 
switches. DEM-PCMI7l8 
does not contain a receiver chip 


or an external 
low pass filter. DEM-PCMI718 
requires 
a 
single +2.7V to +5V power supply. 


Delta-sigma 
DACs are by nature very sensitive to jitter on 
the master clock. Phase noise on the clock will result in an 
increase in noise, ultimately 
degrading 
dynamic range. It is 
difficult 
to quantify 
the effect of jitter due to problems 
in 


synthesizing 
low levels of jitter. One of the reasons delta- 


sigma 
DACs 
are prone 
to jitter 
sensitivity 
is the large 
quantization 
noise when the modulator can only achieve two 
discrete output levels (0 or I). The multi-level 
delta-sigma 
DAC has improved 
theoretical 
SNR because 
of multiple 
output 
states. This reduces 
sensitivity 
to jitter. 
Figure 
16 
contrasts jitter sensitivity between a one-bit PWM type DAC 
and multi-level 
delta-sigma 
DAC. The data was derived 
using a simulator, 
where clock jitter could be completely 


synthesized. 


Shibasaku #725 
QD 
DO 
OdB/60dB 
30KHz LPF on 


For test of SIN ratio and Dynamic Range, A-filter ON. 
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IElElI 
PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 


WITHOUT NOTICE 


SOVA~~~N 
Stereo Audio 
DIGITAL- TO-ANALOG 
CONVERTER 
WITH PROGRAMMABLE 
PLL 


• 
ACCEPTS 16-, 20-, OR 24-BIT INPUT DATA 


• 
COMPLETE STEREO DAC: Includes Digital 
Filter and Output Amp 


• 
DYNAMIC RANGE: 94dB 


• 
MULTIPLE 
SAMPLING 
FREQUENCIES: 
16kHz, 22.05kHz, 
24kHz 
32kHz, 44.1 kHz, 48kHz 
64kHz, 88.2kHz, 
96kHz 


• 
PROGRAMMABLE 
PLL CIRCUIT: 
256fs/384fs 
from 27MHz 
Master Clock 


• 
NORMAL 
OR 12S DATA INPUT FORMATS 


• 
SELECTABLE 
FUNCTIONS: 
Soft Mute 
Digital Attenuator 
(256 Steps) 
Digital De-emphasis 


• 
OUTPUT MODE: Left, Right, Mono, Mute 


The PCMI721 
is a complete 
low cost stereo audio 


digital-to-analog 
converter (DAC) with a phase-locked 


loop (PLL) circuit included. The PLL derives either 
256fs or 384fs system clock from an external 27MHz 
reference frequency. The DAC contains a 3rd-order LU: 
modulator, a digital interpolation 
filter, and an analog 
output amplifier. The PCMI721 
can accept 16-,20-, or 
24-bit input data in either normal or J2S formats. 


The digital filter performs 
an 8X interpolation 
func- 
tion and includes selectable features such as soft mute, 
digital attenuation 
and digital de-emphasis. 
The PLL 
can be programmed 
for sampling 
at standard 
digital 
audio 
frequencies 
as well 
as one-half 
and double 
sampling frequencies. 


The PCM 1721 is ideal for applications 
which combine 
compressed 
audio and video data such as DVD, DVD- 
ROM, set-top boxes and MPEG sound cards. 


BCKIN 
VQUTL 


LRCIN 
ax Oversampling 
DIN 
Digital Filter 
CAP 
with Function 


Controller 
VQUTR 


ML 


MC 


MD 
ZERO 


RSTB 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
16 
24 
Bits 


DATA FORMAT 


Audio Data Format 
Standardil'S 


Data Bit Length 
16120/24 
Selectable 


Sampling 
Frequency 
(fs) 
Standard fs 
32 
44.1 
48 
kHz 


One-half fs 
16 
22.05 
24 
kHz 


Double 
64 
88.2 
96 
kHz 


Master Clock Input Frequency 
27 
MHz 


Internal 
System Clock 
Frequency 
256f5l384fs 


DIGITAL 
INPUT/OUTPUT 
LOGIC LEVEL 
TIL 


DYNAMIC 
PERFORMANCE(1) 


THD+N at fs (OdB) 
fs: 
44.1kHz 
-jJ5 
dB 


fs : 96kHz 
TBD 
dB 


THD+N at -jJOdB 
fs: 
44.1 kHz 
-34 
dB 


fs : 96khz 
TBO 
dB 


Dynamic Range 
fs : 44.1kHz 
94 
dB 


fs : 96kHz 
TBD 
dB 


Signal-la-Noise 
Ratio(2) 
fs: 
44.1kHz 
98 
dB 


fs : 96kHz 
TBD 
dB 


Channel Separation 
Is: 
44.1kHz 
94 
dB 


fs : 96kHz 
TBD 
dB 


DC ACCURACY 


Gain Error 
±1.0 
% of FSR 


Gain Miss-Match, 
Channel-la-Channel 
±1.0 
% OF FSR 


Gain 
Drift 
±50 
ppm of FSR/·C 


Bipolar 
Zero 
Error 
±20 
mV 


Bipolar Zero Drift 
±20 
ppm of FSR/"C 


ANALOG 
OUTPUT 


Voltage Range 
3.1 
Vp-p 


DIGITAL 
FILTER 
PERFORMANCE 


Passband 
0.445fs 


Stopband 
0.5551s 


Passband 
Ripple 
±D.17 
dB 


Stopband 
Attenuation 
-35 
dB 


Delay Time 
22.25 
1/ls 


De·emphasis 
Error 
+0.55/-0.2 
dB 


ANALOG 
FILTER 
PERFORMANCE 


Frequency 
Response 
20 to 20kHz 
TBD 
dB 


20 to 40kHz 
TBD 
dB 


POWER SUPPLY 
REQUIREMENTS 


Voltage 
Range 
VOD' 
Vec 
4.5 
5 
5.5 
VOC 


Supply Current: 
Ice 
Vcc : 5V 
TBD 


100 
Voa 
= SV 
TBD 


TEMPERATURE 
RANGE 


Operation 
-25 
+85 
·C 


Storage 
-55 
+100 
·C 


The information provided herein is believed to be reliable; however. BURR-BROWN assumes no responsibility for inaccuracies or omissIons. BURR·BROWN assumes no 
responSlblhty forthe 
use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change without notice. 
No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


PIN ASSIGNMENTS 
PIN CONFIGURATION 


TOP VIEW 
SSOP 


MCKIN 
24 
NC 


PGND 


DGND 


Voo 


XTO 


XTI 


LRCIN 


DIN 


BCKIN 


CAP 


VourL 


AGND 
12 
13 
Vcc 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


PCM1721 
24-Pin SSOP 
338 


Power Supply Voltage.. 
. 
+6.5V 


+Vcc to +Voo Difference 
±O.1V 


Input Logic Voltage. 
. 
-o.3V to (Voo + 0.3V) 


Power Dissipation 
200mW 


Operating Temperature 
Range 
-25°C 
to +85"C 


Storage Temperature 
-55°C 
to +125"C 


Lead Temperature 
(soldering, 
5s).. 
. 
+260"C 


Thermal 
Resistance, 
(JJA'" 
+70°CNI 


PIN 
NAME 
TYPE 
FUNCTION 
, 
MCKIN 
IN 
Master 
Clock 
Input. 
Under 
normal 
conditions, 


this pin is connected 
to MCKO (pin 21). 


2 
SCKO 
OUT 
System Clock Cut. This output is 2561s or 3841s 


system clock generated 
by the internal 
PLL 


3 
VoP 
PWR 
PLL Power Supply (+5V) 


4 
SCKIN 
IN 
System 
Clock 
(256ls 
or 384t5) 
Input. 
Under 


normal conditions, this pin is connected 
to SCKO 
(pin 24). 


5 
MCKO 
OUT 
Master Clock Output (27MHz) 


6 
ML 
IN 
Latch for serial control data 


7 
MC 
IN 
Clock for serial control data 


8 
MD 
IN 
Data for serial control 


9 
RSTB 
IN 
Reset 
Input. 
When 
this pin is low, the 
digital 
filters and modulators 
are held in reset. 


10 
ZERO 
OUT 
Zero Data 
Flag. This pin is low when the input 


data is continuously 
zero for more than 65. 535 
cycles 01 BCKIN. 


11 
VourR 
OUT 
Right Channel Analog Output 


12 
AGND 
GND 
Analog 
Ground 


13 
Vcc 
PWR 
Analog Power Supply (+5V) 


14 
VouTL 
OUT 
Left Channel Analog Output 


15 
CAP 
Common 
pin lor analog 
output amplifiers. 


16 
BCKIN 
IN 
Bit clock for clocking 
in the audio data. 


17 
DIN 
IN 
Serial 
audio data input 


18 
LRCIN 
IN 
Left/Right Word Clock. Frequency 
is equal to Is. 


19 
XTI 
IN 
Crystal or Master 
Clock Input 


20 
XTO 
OUT 
System 
Clock Out. This output is either 2561s or 
384ls and is generated 
by the internal PLL. 


21 
VOD 
PWR 
Analog Power Supply (+5V) 


22 
DGND 
GND 
Digital Ground 


23 
PGND 
GND 
PLL Ground 


24 
NC 
No Connection 
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Figure 
I illustrates 
the typical 
connection 
diagram 
and 
shows the master clock from an external source (such as an 
MPEG 
decoder) 
used as an external 
clock 
driving 
XTI, 


leaving XTO open. 


SERO 


SCKO 


lRCKO 


SVSCKI 


19 


27MHz ClK 
OUT 


20 


PCM 1721 has a programmable 
internal 
PLL circuit. 
The 
PLL is designed 
to accept 
a 27MHz 
master 
clock at the 
XTI input and generate all internal system clocks required 
to operate 
the digital 
filter and tJ: modulator, 
either 
at 
256fs 
or 384fs. 
The 
master 
clock 
can 
be 
an external 
27MHz 
frequency 
source 
directly 
connected 
to XTI, 
as 
shown in Figure 
1. 


14 


15 


~'O~F 


VourR 
11 


10 


Ml 


MC 


MO 


RSTB 
Vcc 


13 


STRB 


SCKO 
System 
SOO 
Controller 


PIO 
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PCMl72I's 
internal 
PLL 
can 
be programmed 
for nine 


different sampling frequencies 
(LRCIN), as shown in Table 


1. The internal 
sampling 
clocks 
generated 
by the various 


programmed 
frequencies 
are shown in Table II. 


Half of Standard Sampling Freq 
Standard Sampling Freq 
Double of Standard Sampling Freq 


HALF OF STANDARD 
STANDARD 
DOUBLE OF STANDARD 
SAMPLING FREQUENCY 
SAMPLING FREQUENCY 
SAMPLING FREQUENCY 


25615 (kHz) 
3841. (kHz) 
25615 (kHz) 
38415 (kHz) 
25615 (kHz) 
38415 (kHz) 


INTERNAL 
SYSTEM 
CLOCK 
(MHz) 
16 
22.05 
24 
16 
22.05 
24 
32 
44.1 
48 
32 
44.1 
48 
64 
88.2 
96 
64 
88.2 
96 


4.096 
0 


5.6448 
0 


6.144 
0 


6.144 
0 


8.4672 
0 


9.216 
0 


8.192 
0 


11.2896 
0 


12.288 
0 


12.288 
0 


16.934 
0 
18.432 
0 


16.384 
0 


22.5792 
0 
24.576 
0 


24.576 
0 


33.8688 
0 


36.864 
0 


FUNCTION 
DEFAULT MODE 


Input Audio Data 
Format 
Selection 


Normal 
Format 
Normal 
Format 
125 Format 


Input Audio Data 
Bit Selection 
16/20/24 Bit. 
16 Bit. 


Input lRCIN 
Polarity Selection 
lchiRch 
• HighILow 
LchiRch 
= HighILow 
lchiRch 
= low/High 


De-emphasis 
Control 
OFF 


Soft Mute Control 
OFF 


Attenuation 
Control 
OdB 
lch. 
Rch Individually 
Lch, Rch Individually 
Fixed 
Lch, Rch Common 


Infinite Zero Detection 
Circuit Control 
OFF 


DAC Operation 
Control 
Enabled 


Sample 
Rate Selection 


Internal 
System 
Clock Selection 


256f. 
384f. 
384f. 


Double 
Sampling 
Rate Selection 


Standard Sampling 
Rale-44.1/48/32kHz 
Standard 
Sampling 
Rate 
Double Sampling 
Rate--88.2196/32kHz 
Half Sampling 
Rate-22.05/24/16kHz 


Sampling 
Frequency 
44.1 kHz Group 
44.1 kHz 


48kHz Group 


32kHz 
Group 


Analog Output Mode 
L, R. Mono, Mute 
Stereo 


PCMl721 
includes several special functions, including digi-_ 
tal attenuation, 
digital de-emphasis, 
soft mute, data format 
: 
selection 
and input word resolution. 
These 
functions 
are 
controlled 
using a three-wire 
interface. 
MD (pin 8) is used 


for the program 
data, MC (pin 7) is used to clock in the 
~C 
program data, and ML (pin 6) is used to latch in the program 
data. Table III lists the selectable 
special functions. 
eb 
I-o 
~coa:a.o 
C 
~« 
...J 


~ 


e" 
C 


BURR-BROWN_ 
IE:lE:lI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


MC (pin 7) 


MD (pin 8) 
~ij~4~3~2@1@~Mlool~lool~I~I~I~I~1001 


FIGURE 
2. Serial Interface Timing. 


MAPPING 
OF PROGRAM 
REGISTERS 


615 
614 
613 
612 
611 
610 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 


MODEO 
res 
res 
res 
res 
res 
A1 
AO 
LDL 
AL7 
AL6 
AL5 
AL4 
AL3 
AL2 
AU 
ALO 


MODE1 
res 
res 
res 
res 
res 
Al 
AO 
LOR 
AR7 
AR6 
AR5 
AR4 
AR3 
AR2 
ARl 
ARO 


MODE2 
res 
res 
res 
res 
res 
A1 
AO 
PL3 
PL2 
PU 
PLO 
IW1 
IWO 
OPE 
OEM I MUT 


MODE3 
res 
res 
res 
res 
res 
Al 
AO 
IZD 
SFl 
SFO 
DSRl I DSRO I 
SVS 
ATC 
LRP I 
12S 


PCM 1721' s special functions are controlled using four pro- 
gram registers which are 16 bits long. These registers are all 
loaded using MD. After the 16 data bits are clocked in, ML 
is used to latch in the data to the appropriate 
register. Table 
IV shows the complete 
mapping 
of the four registers 
and 
Figure 2 illustrates 
the data input timing. 


REGISTER 
BIT 


NAME 
NAME 
DESCRIPTION 


Register 
0 
AL (7:0) 
OAC Attenuation 
Data for Lch 
LDL 
Attenuation 
Data 
Load Control for lch 
A (1:0) 
Register 
Address 
res 
Reserved 


Register 
1 
AR (7:0) 
OAC Attentuation 
Data for Rch 
LDL 
Attenuation 
Data Load Control for Rch 
A (1:0) 
Register 
Address 
res 
Reserved 


Register 
2 
MUT 
Left and Right DACs Soft Mute Control 
OEM 
De·emphasis 
Control 
OPE 
Left and Right DACs Operation 
Control 
IW(1:0) 
Input Audio Data Bit Select 


PL (3:0) 
Output Mode Select 


A (1:0) 
Register 
Address 
res 
Reserved 


Register 
3 
12S 
Audio Data 
Format 
Select 
LRP 
Polarity of LRCIN (pin 7) Select 
ATC 
Attenuatar 
Control 
SVS 
System Clock Select 
DSR (1:0) 
Double Sampling 
Rate Select 
SF (1:0) 
Sampling 
Rate Select 
IZD 
Infinite Zero 
Detection 
Circuit Control 
A (1:0) 
Register 
Address 
res 
Reserved 


Register 
0 is used to control left channel attenuation. 
Bits 
o 
7 (ALO 
AL7) arc used to determine the attenuation 


level. The level of attenuation 
is given by: 


ATIENUATION 
DATA LOAD CONTROL, 
LCH 


Bit 8 (LDL) is used to simultaneously 
set analog outputs of 
Lch and Rch. An output 
level is controlled 
by AL[O:7] 
attenuation 
data when this bit is set to I. When set to 0, an 
output level is not controlled 
and remains 
at the previous 
attenuation 
level. A LDR bit in Register 
I has an equivalent 
function as the LDL. When one of LDL or LDR is set to I, 
the output 
level of the left and right channel 
is simulta- 
neously controlled. 
The attenuation 
level is given by: 


ATT = 20l0g (y/256) (dB), where y = x, when 0,.; x"; 
254 


Y = x + I, when x = 255 


X is the user-determined 
step number, 
an integer 
value 
between 0 and 255. 


Example: 


let x = 255 


ATT = 2010g(255+ 
I) = OdB 
256 


let x = 254 


ATT = 2010g(254) 
= -0.068dB 
256 


ATT = 20 log (_1_) 
= -48.16dB 
256 


ATT=2010g(~)= 
-00 
256 


Register 
I is used to control right channel attenuation. 
As 
in Register 
I, bits 0 - 7 (ARO - AR7) control 
the level of 
attenuation. 
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Register 2 is used to control soft mute, de-emphasis, 
opera- 
tion enable, input resolution, and output format. Bit 0 is used 
for soft mute: a "HIGH" level on bit 0 will cause the output 
to be muted (this is ramped down in the digital domain, so 
no "click" is audible). Bit I is used to control de-emphasis. 
A "LOW" 
level on bit 
I disables 
de-emphasis, 
while 
a 


"HIGH" 
level enables de-emphasis. 


Bit 2, (OPE) is used for operational 
control. Table V illus- 
trates the features controlled 
by OPE. 


SOFTWARE 
MODE 
DATA INPUT 
DAC OUTPUT 
INPUT 


OPE: 
1 
Zero 
Forced to BPZll) 
Enabled 


Other 
Forced to BPZll) 
Enabled 


Zero 
Controlled 
by IZD 
Enabled 
OPE =0 
Other 
Normal 
Enabled 


OPE 
controls 
the operation 
of the DAC; 
when 
OPE 
is 


"LOW", the DAC will convert all non-zero input data. If the 
input data is continuously 
zero for 65,536 cycles of BCKIN, 


the output will be forced to zero only if IZD is "HIGH". 
When OPE is "HIGH", the output of the DAC will be forced 
to bipolar zero, irrespective 
of any input data. 


DATA INPUT 
DAC OUTPUT 


Zero 
Forced to BPz<l) 


IZD= 
1 
Other 
Normal 


Zero 
Zero(2) 


IZD=O 
Other 
Normal 


SOFTWARE 
MODE 
DATA INPUT 
DAC OUTPUT 
INPUT 


RSTB = "HIGH" 
Zero 
Controlled by OPE and IZD 
Enabled 


Other 
Controlled by OPE and IZD 
Enabled 


Zero 
Forced to BPZll) 
Disabled 
RSTB : "LOW- 


Forced to BPZll) 
Other 
Disabled 


TABLE VII. Reset (RSTB) Function. 


NOTE: (1) d~ is disconnected 
trom output amplifier. (2) d~ is connected 
to 


output 
amplifier. 


Bits 3 (IWO) and 4 (IWI) are used to determine 
input word 
resolution. 
PCMI721 
can be set up for input word resolu- 


tions of 16, 20, or 24 bits: 


Bit 4 (IW1) 
Bit 3 (IWO) 
Input Resolution 


0 
0 
16·bit Data Word 


0 
1 
20-bit Data Word 


1 
0 
24·bit Data Word 


0 
0 
Reserved 


Bits 5, 6, 7, and 8 (PLO:3) are used to control output format. 
The output of PCM 1721 can be programmed 
for 16 different 
states, as shown in Table VIII. 


PLO 
PLl 
PL2 
PL3 
Lch OUTPUT 
Rch OUTPUT 
NOTE 


0 
0 
0 
0 
MUTE 
MUTE 
MUTE 


0 
0 
0 
1 
MUTE 
R 


0 
0 
1 
0 
MUTE 
L 


0 
0 
1 
1 
MUTE 
(L + R)/2 


0 
1 
0 
0 
R 
MUTE 


0 
1 
0 
1 
R 
R 


0 
1 
1 
0 
R 
L 
REVERSE 


0 
1 
1 
1 
R 
(L + R)/2 


1 
0 
0 
0 
L 
MUTE 


1 
0 
0 
1 
L 
R 
STEREO 


1 
0 
1 
0 
L 
L 


1 
0 
1 
1 
L 
(L + R)/2 


1 
1 
0 
0 
(L + R)12 
MUTE 


1 
1 
0 
1 
(L + R)12 
R 


1 
1 
1 
0 
(L + R)12 
L 


1 
1 
1 
1 
(L + R)/2 
(L + R)/2 
MONO 


Register 3 is used to control input data format and polarity, 
attenuation 
channel control, 
system clock frequency, 
sam- 
pling frequency 
and infinite 
zero detection. 


Bits 0 (I2S) and I (LRP) are used to control 
the input data 


format. 
A "LOW" 
on bit 0 sets the format 
to "Normal" 


(MSB-first, 
right-justified 
Japanese 
format) and a "HIGH" 


sets the format to Fs (Philips 
serial data protocol). 
Bit I 
(LRP) is used to select the polarity of LRCIN (sample ratlD 
clock). When bit I is "LOW", 
left channel data is assumed 
: 
when LRCIN is in a "HIGH" 
phase and right channel dat 
is assumed 
when LRCIN 
is in a "LOW" 
phase. When bit 
I is "HIGH", 
the polarity 
assumption 
is reversed. 


Bit 2 (ATC) is used for controlling 
the attenuator. 
When 
bit 2 is "HIGH", 
the attenuation 
data loaded 
in program 
Register 
0 is used for both left and right channels_ When 
bit 2 is "LOW", 
the attenuation 
data for each register 
is 


applied 
separately 
to left and right channels. 


Bit 3 (SYS) is the system clock selection. 
When bit 3 is 


"LOW", 
the system clock frequency 
is set to 384fs. When 


bit 3 is "HIGH", 
the system clock frequency 
is set to 256fs. 


Bits 4 (DSRO) and 5 (DSRl) 
are used to control 
multiples 


of the sampling 
rate: 


DSR1 
DSRO 
Multiple 


0 
0 
Normal 
32144.1 148kHz 


0 
1 
Double 
64/88.2196kHz 


1 
0 
One-half 
16122.05/24kHz 


1 
1 
Reserved 
Not Defined 
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Bits 6 (SFO) and 7 (SFl) 
are used to select the sampling 
frequency: 


SF1 
SFO 
Sampling 
Frequency 


0 
0 
44.1 kHz group 
22.05/44.1/88.2kHz 
0 
1 
48kHz group 
24/48196kHz 


1 
0 
32kHz group 
16132164kHz 
1 
1 
Reserved 
Not Defined 


Bit 8 is used to control the infinite zero detection 
function 
(IZD). 


When IZD is "LOW", 
the zero detect circuit is off. Under 
this condition, 
no automatic 
muting will occur if the input 
is continuously 
zero. When IZD is "HIGH", 
the zero detect 
feature is enabled. If the input data is continuously 
zero for 
65,536 
cycles of BCKIN, 
the output will be immediately 
forced to a bipolar 
zero state (Vcd2). The zero detection 
feature 
is used to avoid noise which may occur when the 


input is DC. When 
the output 
is forced 
to bipolar 
zero, 


there may be an audible 
click. PCMI721 
allows the zero 
detect feature to be disabled 
so the user can implement 
an 
external 
muting 
circuit. 
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Appendix A 


Demonstration 
Boards 


Burr-Brown offers a wide variety of demonstration 
boards for both its Linear and Mixed Signal Prod- 
ucts. New boards for new products are continually 
being added to the selection--contact 
the factory 


your local salesperson for availability. 


NOTE: All evaluation fixtures whose model num- 
ber ends with a 'C' include the product or products 
mentioned. All others do not include the product, 
except where specifically noted. 


MODEL 
PRODUCT 


DEM-ACF2101BP-C 
ACF2101BP 


DEM-ADS1210P-C 
ADS1210P 


DEM-ADS1211 P-C 
ADS1211P 


DEM-ADS7804/0SC 
ADS7804/0S 


DEM-ADS7806/07C 
ADS7806/07 


DEM-ADS7808/09C 
ADS7808/09 


DEM-ADS7810/19C 
ADS7810/19 


DEM-ADS7833 
ADS7833 


DEM-ADS800U 
ADS800U 


DEM-ADS801 U 
ADS801U 


DEM-ADS802U 
ADS802U 


DEM-ADS820U 
ADS820U 


DEM-ADS821 U 
ADS821U 


DEM-BUF600-1 GC 
BUF600AP 


DEM-BUF601-1 GC 
BUF601AP 


DEM-DAC6S0J-E 
DAC6S0JL 


DEM-DDC1 01P-C 
DDC101P 


DEM-MPC100-1GC 
MPC100AU 


Evaluation Fixture with Programmable Timing Generator 


Evaluation Fixture-24-bit 
single channel AID converter; 
includes FFT Software and IBM PC Interface. 
en 


Evaluation 
Fixture-24-bit 
four channel 
AID converter; 
C 
includes FFT Software and IBM PC Interface. 
~ 


Evaluation Fixture-Analog 
Input and Digital Output 
0 


Evaluation Fixture-Analog 
Input and Digital Output 
m 
Z 
Evaluation Fixture-Analog 
Input and Digital Output 
0 


Evaluation Fixture-Analog 
Input and Digital Output 
~ 


Evaluation Fixture-12-bit 
data acquisition system; board 
IX: 
includes LCD display, microcontroller 
and reconstruction 
~ 
DAC. 
en 


Evaluation 
Fixture-12-bit, 
40MHz 
ADC, 
AC-and 
DC- 
Z 
coupled inputs, on-board clock, bus driver, SMA connectors. 
~ 


Evaluation 
Fixture-12-bit, 
2SMHz ADC, AC- and DC- 
W 
coupled inputs, on-board clock, bus driver, SMA connectors. 
C 


Evaluation 
Fixture-12-bit, 
10MHz ADC, AC- and DC- 
coupled inputs, on-board clock, bus driver, SMA connectors .• 


Evaluation Fixture-10-bit, 
20MHz ADC, AC- and DC- 
coupled inputs, on-board clock, bus driver, SMA connectors. 


Evaluation Fixture-10-bit, 
40MHz 
ADC, AC- and DC- 
coupled inputs, on-board clock, bus driver, SMA connectors. 


Evaluation Fixture-900MHz 
Buffer Amplifier 


Evaluation Fixture-6S0MHz 
Buffer Amplifier 


Evaluation Fixture-Digital 
Input and Analog Output (all 
SMA connectors). 
The part is included and soldered to 
the board. 


Evaluation Fixture,- 
includes the DDC101 board, inter- 


face board to connect to parallel PC-port and software. 
Supports all DDC101 options plus FFT. 


Evaluation 
Fixture-4 
to 1 High Speed Multiplexer 
and 
Output Buffer BUF601AU. 
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MODEL 
PRODUCT 


DEM-MPC102-1GC 
MPC102AU 


DEM-OPA465xP 
OPA465xP 


DEM-OPA465xU 
OPA465xU 


DEM-OPA622-1 GC 
OPA622AP 


DEM-OPA623-1 GC 
OPA623AP 


DEM-OPA628AP-C 
OPA628AP 


DEM-OPA628AU-C 
OPA628AU 


DEM-OPA64XP- Y 
OPA64XP 


DESCRIPTION 


Evaluation Fixture-Dual 
2 to 1 High Speed Multiplexer 
and optional output buffer, BUF601 AU. 


Evaluation 
Fixture-Unpopulated 
board for quad 
High 
Speed op amp OPA465x in DIP package. 


Evaluation 
Fixture-Unpopulated 
board for quad 
High 
Speed op amp OPA465x in SOIC package. 


Evaluation 
Fixture-For 
voltage 
and current 
feedback 
configuration. 


Evaluation 
Fixture-High 
Speed 
current 
feedback 
Op 
Amp. 


Evaluation Fixture-User 
selectable configuration for the 
DIP package. 


Evaluation 
Fixture-User 
selectable 
configuration 
for the 
SOIC package. 


Evaluation Fixture-Three 
boards are offered for the DIP 
package of the OPA64X series of operational amplifiers. 
DEM-OPA64XP-F: 
follower 
configuration; 
DEM- 
OPA64XP-N: noninverting configuration; DEM-OPA64XP- 
I: inverting configuration. 
(Note: each board will operate 
with any OPA64XP 
series op amp. No component 
is 
included-it 
must be ordered separately.) 


Evaluation 
Fixture-Three 
boards 
are offered 
for the 
SOIC 
package 
of the OPA64X 
series 
of operational 
amplifiers. DEM-OPA64XU-F: follower configuration; DEM- 
OPA64XU-N: noninverting configuration; DEM-OPA64XU- 
N: noninverting 
configuration; 
DEM-OPA64XU-I: 
invert- 
ing configuration. 
(Note: each board will operate with any 
OPA64XU series op amp. No component is included-it 
must be ordered separately.) 


Evaluation 
Fixture-One 
board for OPA65X 
single op 
amps for the DIP package. 


Evaluation 
Fixture-One 
board for OPA65X 
single op 
amps for the SOIC package. 


Evaluation 
Fixture-One 
board for OPA265X 
dual op 
amps for the DIP package. 


Evaluation 
Fixture-one 
board for OPA265X 
dual op 
amps for the SOIC package. 


Evaluation Fixture-Five 
boards are offered for five differ- 
ent configurations. 
DEM-OPA660-1 GC: Diamond transis- 
tor 
and 
buffer; 
DEM-OPA660-2GC: 
Current-feedback 
operational 
amplifier; 
DEM-OPA660-3GC: 
Direct-feed- 


back amplifier; DEM-OPA660-4G: 
Layouts for all applica- 
tions using SOIC (unassembled); DEM-OPA660-5G: 
Lay- 
outs for all applications using DIP packages (unassembled) 


Evaluation 
Fixture-High 
speed voltage controlled 
cur- 
rent source. 
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MODEL 


DEM-PCM1700P-C 


PRODUCT 


PCM1700 


DEM-PCM1710 
PCM1710U 


DEM-DAI1710 
PCM1710U 


DEM-PCM1712 
PCM1712U 


DEM-PCM1715 
PCM1715U 


DEM-PCM1717 
PCM1717 


DEM-PCM1717-1 
PCM1717 


DEM-DAI1717 
PCM1717 


DEM-PCM1750P-C 
PCM1750 


DEM-PCM1760 
PCM1760/DF1760 


DEM-PCM63P-C 


DEM-PCM67P-C 


PCM63P 


PCM67P 


DESCRIPTION 


Evaluation Fixture-Serial/SPDIF 
Inputs (formerly DEM- 
1143). Includes product. 


Evaluation Fixture-Serial 
digital input, 8X digital interpo- 
lator (NPC5842), 
and analog 
output. 
A PCM1702P 
is 
included. The board will interface directly to the DEM- 
1760. The fixture does not accept SPDIF input. 


Evaluation Fixture-Serial 
Digital Audio In. Left and Right 
channel analog out. 


Evaluation Fixture-Includes 
Digital Audio Interface (DAI) 
receiver chip and dual 2nd-order lowpass output filters. 


Evaluation Fixture-Low 
cost version of PCM171 O. 


Evaluation Fixture-Serial 
digital audio in. Left and right 
channel analog out, 


Evaluation Fixture-For 
the 16-/18-bit PCM1717 
enC 
Evaluation Fixture-For 
the 16-/18-bit PMC1717; includes 
a: 
PC interface and control software. 
« 


Evaluation Fixture-For 
the 16-/18-bit PCM1717; includes 0 
Digital Audio Interface, PC interface and control software. 
m 


Evaluation Fixture-Serial/Parallel 
Output, SPDF Out (For- 
Z 
merly DEM 1133). Includes product. 
0 


Evaluation Fixture-Analog 
input and serial digital output. 
~ 
A PCM1760P and DF1760P are included. The board will a: 
interface directly to the DEM-1702. The fixture does not 
I- 


provide SPDIF output. 
enZ 
Evaluation Fixture-Includes 
Dual PCM63s, SPDIF Input 0 


Evaluation Fixture-Includes 
Dual PCM67s (single/dual 
:: 
supply operation), SPDIF Input. 
WC 
Evaluation Fixture-Analog 
Input, Parallel Data Output. 


Includes SHC5320 sample hold and PCM56 as a recon_ 
struction ADC (formerly DEM-1122). 
• 


Evaluation 
Fixture-Analog 
input, digital 
control 
input, 


and 
sample/hold 
output 
(all 
SMA 
connectors). 
A 
SHC605AU 
is included and is soldered to the board. 


Evaluation Fixture-Voltage 
Controlled Amplifier. 


BURR - BROWN" 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
Appendix B 


Tape and Reel Information 


The listed surface mount packages are available spooled on embossed carrier tape and reel, meeting 
EIA481-A requirements. Package numbers can be found in individual product data sheet. Package 
drawings can be found in Appendix C. 


TAPE WIDTH, W 
PITCH, P 
REEL DIAMETER 


PACKAGE 
NUMBER<') 
DESCRIPTION 
(mm) 
(mm) 
DEVICES 
PER REEL 
(mm) 


178 
SO-24 
24 
16 
1000 
360 


182 
SO-8 
12 
8 
2500 
360 


211 
SOL-16 
16 
12 
1000 
360 


217 
SO-28 
24 
12 
1000 
360 


219 
SOL-18 
24 
16 
1000 
360 


221 
SO-20 
24 
12 
1000 
360 


235 
SO-14 
16 
8 
2500 
360 


239 
SO-24 
24 
12 
1000 
360 


248 
SO-20 
24 
12 
1000 
360 


311 
SOT-223 
12 
8 
2500 
360 


322 
SSOP-16 
12 
8 
2500 
360 


250 
178 


324 
SSOP-28 
24 
12 
1000 
360 


325 
5-Lead DD Pak 
24 
16 
1000 
360 


328 
7-Lead DD Pak 
24 
16 
1000 
360 


331 
SOT23-5 
8 
4 
360 
3000 
178 
250 
178 


332 
SOT23-6 
8 
4 
3000 
178 
250 
178 


333 
SSOP-48 
32 
16 
1000 
360 


334 
SSOP-20 
32 
16 
1000 
360 


337 
MSOP-8 
12 
8 
2500 
360 
250 
178 


NOTE: (1) Package numbers can be found in individual product data sheet in the "Package Information- table. Package drawings are in Appendix C. 


T 
w 


_I 
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0 
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I 


BURR-BROWNiI 
IEII:~I 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


Tape Slot in 
Core for Tape Start. 
2.5mm (0.098) min Widt~ 
I 


10mm (0.394) min DePt~ 
I--- G (Measured at Hub) 


TAPE SIZE 
A MAX 
BMAX 
C 
o MIN 
N MIN 
G 
TMAX 


12mm 
330mm 
1.5mm 
13.0 ±0.20mm 
20.2mm 
50mm 
12.4 + 1.0 
18.4mm 


(-{).Omm) 


16mm 
360mm 
1.5mm 
13.0 ±0.20mm 
20.2mm 
50mm 
16.4 + 1.0 
22.4mm 


(-{).08mm) 


24mm 
360mm 
1.5mm 
13.0 ±0.20mm 
20.2mm 
50mm 
24.4 + 1.0 
30.4mm 


(-{).OOmm) 
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Appendix C 


Package Drawings (Mechanicals) 


Package 
Number 001 ~ Metal 
TO-88 
F:~ 
ijil< 
,T: L,f 


SEATING 
~ 
~ ~~ 
K 
PlANE 
~ 


---H--D~w. 
• 


H ,:1~~ 
:{'Y 


J 
t 


INCHES 
t..lllLlMETERS 1 


INCHES 
MilLIMETERS i 


NOTES 
0'" 
IoIIN. 
~, 
"'N "" 
0'" 
I.lIN. 
MAX. 
"'N -. 
-- 


A 
.335 
.380 
8.51 
9.65 
1. LEADS 
IN TRUE 
POSITION 
B 
.305 
.335 
7.75 
8.51 
WITHIN 
oW' 
(.25mm) 
R 
@ 
C 
.165 
.185 
4.19 
4.70 
MMC AT SEATING PLANE. 


D 
.016 
021 
0.41 
0.53 
2. 
PIN 
NUMBERS 
SHOWN 
FOR 
, 
.010 
.040 
0.25 
1.02 
REFERENCE 
ONLY, 
NUMBERS 
, 
.010 
040 
0.25 
1.02 
MAY NOT BE 
MARKED ON 


G 
.200 
BASIC 
5.08 
BASIC 
PACKAGE. 


H 
.028 
034 
0.71 
0.86 
J 
.029 
.045 
0.74 
1.14 


K 
.500 
12.7 
L 
110 
.!fiO 
2.79 
4,06 
" 


45' 
BASIC 
45' 
BASIC 


N 
.095 
105 
2.41 
2.67 
PACKAGE 
NUt.lBER 
22001 
REV 
B 


J[OEC 
NUMBER: 
UNKNOWN 


Package 
Numb., 
Doe 
- 
8-Pln 
Plutlc, 
Slngt.~Wld. DlP 
~D:-:A1 
""'D1 


AREA 
~ 


1 
4 


b2~ 
f- ;fr 
ir=';J 
BASE 
PLAN''\.. 
-,u 
c 
j 


SEATlNG- 
- 
~ 


~ 


PLANE 
I 
I 
tAl 
L 


~~@~, 
P'L'AO 
[wr-- 
I 


4 PL 
b3_ 
t- 


'B~ 
4 PL 
b--- 
~~ 


INCHES 
MllLlI.lETERS ! 


INCHES 
t,lllliMETERS i 


NOTES: 
6. 
POINTED 
OR 
ROUNDED 
LEAD 
TIPS 
ARE 
0" 
"'N 
"A> 
"'N 
~, 
0'" 
"'N 
~, 
",N 
"M 


1. 
ALL 
DIMENSIONS 
ARE 
IN 
INCHES 
PREFERRED 
TO 
EASE 
iNSERTION 


A 
.C 
.000 
.060 
0.00 
1.52 
6 
2, 
OIMWSIONING 
AND 
TOlERANCING 
PER 
9. 
b2 
AND 
b3 
tolAXIMUM DIMENSIONS 
DO 
-- 
, 
ANSI 
Y14.5M-1982. 
NOT 
INCLUDE 
OAMBAR 
PROTRUSIONS. 
A' 
, 
-- 
L 
.115 
150 
9 
3.81 
3 
3. 
QIM[tlSIQNS 
A. 
A 1. 
AND 
l 
ARE 
DAMBAR 
PROTRUSIONS 
SHALL 
NOT 
A2 " '" 
" " 
4 "' 
N 
B 
7 
MEASURED 
WITH 
THE 
PACKAGE 
SEATED 
EXCEED .010 
(O.25mm). 


b 
.014 
.022 
0.36 
0.56 
IN 
.JECl£C 
SEATING 
PLANE 
GAUGE 
GS-J. 
1 U. 
DISTANCE 
BETWEEN 
lEADS 
INCLUDING 
4. 
0, 
01, 
AND 
£1 
DIMENSIONS 
DO 
NOT 
DAMBAR 
PROTRUSIONS 
TO 
BE 
b2 
4 
1 
9 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS 
.00S 
(O.13mm) 
MINIMUM. 
b3 
.030 
045 
076 
\.14 
9 
MOLD 
FLASH 
OR 
PROTRUSIONS 
SHALL 
" 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
, 
nn. 
n'4 
In 
,n 
n ," 
NOT 
EXCEED 
.010 
(O.25mm). 
LOC •.••TED 
WITHIN 
THE 
CROSS-HATCHED 
AAEA. 
D .J55 
400 
9.02 
10.16 
4 
5. 
E 
AND 
~•.•• MEASURED 
WITH 
THE 
LEAOS 
12. 
FOR 
AUTOM •.••TIC 
INSERTION 
••.•• Ny 


U1 
U.1J 
4 
CONS-TR•••.,NED TO BE PERPENQICUI.AR 
RAISED 
IRREGULARITY 
ON 
THE 
TOP 


E 
,nn 
'" 
7" 
.Ok 
TO 
OAHJI.A~ 
SURFACE 
(STEP. 
MESA. 
ETe.) 
SHALL 
G. 
e8 
AND 
eC 
ARE 
lAEASURED 
AT 
THE 
BE 
$YMM(lRICAL 
ABOUT 
THE 
LATERAL 
E1 
.240 
.280 
fUD 
7.11 
4 
LEAD 
TIPS 
WITH 
THE 
LEADS 
AND 
LONGITUDINAL 
PACKAGE 
. 
. lOa 
BASIC 
2.54 
BASIC 
UNCONSTRAINED 
CENTERUN£S. 


.A 
AI 
7 
, 
5 
7. 
N 
IS 
THE 
MAXIMUM 
or 
TERMINAL 
PACKAGE 
NUMBER· 
ZZOO6 
REV· , 


4 
, 
6 


POSITIONS. 
JEDEC 
Nut .•48ER 
"S 
DO' 
BA 
IjRR-m 


e 


Ei!$L 
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- 


Package 
Number 
007 
- 
TO-100 
Package 


F:~- 


C 


E 


F 


SEATING 
PlANE 
K 


~ 


0 


l 
-j 
N 


I 
"ll, 
~ 
1 


~~ 


: 
,. 
~'§ 


G 


J 


INCHES 
MilliMETERS 
N 
INCHES 
MilliMETERS ~ 
NOTES, 
0 


O'N 
MIN. 
""". 
WIN. 
MAX I 
mN 


N'N 
""". 
WIN. 
MAX. I 


A 
.335 
.370 
8.51 
9.40 
1. 
LEADS 
IN 
TRUE 
POSITION 
WITHIN 
B 
.305 
.335 
7.75 
8.51 
.010" 
(0.25mm) 
R 
@ 
MMC 


C 
.165 
.185 
4.19 
4.70 
AT 
SEATING 
PLANE. 


D 
.016 
.021 
0.41 
0.53 
2. 
PIN 
NUMBERS 
SHOWN 
FOR 
E 
.010 
.040 
0.25 
1.02 


f 
.010 
.040 
0.25 
1.02 


REFERENCE 
ONLY. 


NUMBERS 
MAY 
NOT 
BE 
MARKED 


G 
.230 
BASIC 
5.84 
BASIC 
ON 
PACKAGE. 


H 
.028 
.034 
0.71 
0.86 
J 
.029 
.045 
0.74 
1.14 


K 
.500 
-- 
12.70 
-- 


l 
.120 
.160 
3.05 
4.06 


" 


36' 
BASIC 
36' 
BASIC 


N 
.110 
.120 
2.79 
3.05 
PACKAGE 
NUMBER: 
ZZ007 
I REV., 
A 
JEDEC 
NUMBER: 
UNKNOWN 


Package 
Number 
010 
- 
1"'-Pln 
Pia. tic. 
Single-Wide 
DIP 


1* 
0 
"I 
~~~{:::::j] 


1 
7 


b2--J 
t- 
~ 
iL=E~ 
BASE 
I Ir 
ffl 


s~~"-iJUUUl 
UI JIUEc i 


PlAN'~ -IV 
¥ VU 
III 
£., 
l 


01- 
jL 
m~ 
J 
ec~@)~c 
FULL 
LEAD 


eB~ 
• 
Pl 
b 
14)"I.ol0(.25)@W 


INCHES 
MllUMETERS ~ 
INCHES 
MilLIMETERS 
N 
NOlES, 
8. 
POINTED OR ROUNDED 
LEAD TIPS ARE 
DIN 


t.4IN. 
NAX. 
NIN 
"'AX. 
DIN 
NIN 
NAX. 
UIN. 
NAX. ~ 1. All 
DIMENSIONS 
ARE 
IN INCHES. 
PREFERRED 
TO EASE INSERTION. 


A 
- 
"0 
'" 
L 
.115 
.150 
2.92 
3.81 
3 


2. 
DIMENSIONING AND TOLERANCING 
PER 
9. 
b2 
MAXIt.4UM DIMENSION 
DOES 


AASI 
Y145t.4-1982 
NOT INCLUDE 
DAMBAR PROTRUSIONS. 


Al 
0" 
0'0 
N 
" 
" 


7 
3. 
Qlt.4ENSIONS A. A 1. AND L ARE 
DAMBAR PROTRUSIONS 
SHALL 
NOT 
A2 
'" 
'0' 
? O? '"' 
t.4[ASURED 
WITH THE PACKAGE 
SEATED 
EXCEED 
.010 
(0.25mm). 


b 
.014 
.022 
0.36 
0.56 
IN JEOEC 
SEATING PLANE 
GAUGE GS-3. 
10. 
DISTANCE BETWEEN lEADS 
INCLUDING 


b2 
04' 
OlO 
, ,. 
'7R 
9 
4. 
D. 
01. 
AND 
El 
DIMENSIONS 
DO NOT 
DAMBAR PROTRUSIONS 
TO BE 
IN(LUDE 
MOLD nASH 
OR PROTRUSIONS. 
.005 
(0.13mm) 
MINIt.4Ut.4. 


c 
nnR 
0' 
o ?O 
10'" 
MOLD FLASH OR PROTRUSIONS 
SHALL 
11. 
A VISUAL 
INDEX fEATURE 
MUST BE 
0 
7'. 
775 
18.67 
19.69 • 
Nor 
EXCEED 
.010 
(O.25mm) 
LOCATEO WITHIN THE CROSS-HATCHED 
Dl 
no, 
-- 
0.13 
-- • 
5. 
E AND eA 
MEASURED WITH THE LEADS 
AREA 


E 
.300 
..J?5 
7.6? 
I 0.?6 
CONSTRAINED TO BE 
PERPENDICULAR 
12. 
FOR AUTOMATIC INSERTION, 
ANY 


El 
.240 
.280 
6.10 
7.11 • 
TO DATUM~. 
RAiSED IRREGULARITY ON THE TOP 


6. 
flU 
AND eC ARE MEASURED AT THE 
~~R~¢~~E~S~E~ 
~~~T 
Ei~~ 
&~~L 
. 
I 
A. 
4 
""" 
LEAD TIPS WITH THE LEADS 
eA 
.300 
BASIC 
7.63 
BASIC 
Ut\CONS1RAINED. 
AND 
LONGITUDINAL 
PACKAGE CENTERlINES . 


eB 
- 
I 
.430 
10.92 
6 
7. 
N IS THE MAXIt.4UM OF" TERt.4INAl 
PACKAGE 
NUI\ABER: 
ZZD10 
I REV., 
G 
eC 
.000 
.060 
.0 
1 
POsmON$. 
JEDEC 
NUMBER; 
MS 
001 
AA 


Burr-Brown Ie Data Book-Mixed 
Signal Products (Eim" 


Packaoe 
Number 107 - 14-Pln 
t= 
A~ 


DENOTES PINJJ~] 
';=-. 
r 
) 


~ 
~ 


'=1G~ 
~~D 
-J 
L k 
dHr- 
t- 


o 


I 
i 


" 
• 
.. 


INCHES 
IIlILUMETERS ~ 
INCHES 
MILLIMETERS 
N 
NOTES, 
0'" 
lAIN. 
MAX. 
lAIN. 
MAX. 
! 0'. 
MIN. 
MAX. 
MIN. 
MAX. ! 
1. LEADS 
IN 
TRUE 
POSITION 
WITHIN 
A 
.86 
RRn 
1 R4 
?? " 
.010" 
(.2Smm) 
R 
@ 
MMC 
AT 
8 
.490 
SEATING 
PLANE. 
c 
17 
"n 
4" 
,'" 
D 
.016 
.021 
0.41 
0.53 
2. 
PIN 
NUMBERS 
SHOWN 
FOR 


G 
1"" 
"A'ir 
? '" 
"><1' 
REFERENCE 
ONLY. 
NUMBERS 
MAY 


H 
11!"11.1'"15 , q, I 
104 
NDT 
BE 
MARKED 
ON 
THE 
PACKAGE. 


K 
.1SOI .300 
3.81 
7.62 


L 
.300 
BASIC 
7.&2 
BASIC 


R 
.080 
.120 
2.0 
3.05 


PACKAGE 
NUMBER' 
ZZ107 
REV.: 
A 
JEDEC 
NUMBER; 
UNKNOWN 


Package 
Number 113 - 24-Pln 
r:= A ------, 
- 
(J) 


",~,"lD 


Clz 


~ 
PIN 
1 
Cb 
R 


a: 


K fuTIllllfTf 
c 
w 
'JGL --Lo 
LL-J 
Cl< 


1-=1IH 
~0 
to 
~ 


H 
I) 
, 
............ 


INCHES 
l.41LLIl.lETERS 
N 
INCHES 
MILUMETERS ~ 


NOTES, 
DI" 
LlIN. 
MAX. 
"N. 
"AX. ! DI" 


"IN 
"AX. 
LllN. 
MAX. 
-- 


A 
1.365 1.385 
34.67 
35.18 
1 
LEADS 
IN TRUE 
POSITION 
WITHIN 


8 
.790 
.810 
20.07 20.57 
.010" (.25mm) 
R 
0 
MMC 
AT 


C 
.170 
.250 
4.32 
6.35 
SEATING 
PLANE. 


D 
.016 
.021 
0.41 
0.53 
Z 
PIN 
NUMBERS 
SHOWN 
FOR 
G 
100 
BASIC 
254 
BASIC 
REFERENCE 
ONLY. 
NUMBERS 


H 
.1251 .150 
3.18 
J.81 
MAY 
NOT 
BE 
MARKED 
ON 
THE 


K 
.150 
.300 
3.81 
7.62 
PACKAGE. 


L 
.6DO 
BASIC 
15.24 BASIC 


R 
.080 
.110 
2.03 
2.79 


PACKAGE 
NUMBER: 
ZZI1) 
REV.: 
A 
JEDEC 
NUMBER: 
UNKNOWN 


r~;~: 
•.Burr-Brown Ie Data Book-Mixed 
Signal Products 


· .._...-.- ......... _. ... -- .... _ .. rF"-:l 
~o 
C 
[ 
r 
1 
h-::~~~~~~~~~~~~~~~T 
, 
, 


G--I I-- 
0 --II-- 
f-- 
L ----i 
,r 


," 
0 
0 
0 o.or ",,_.~_,~_'""" 


32 
17 


NUMBERS 
M"''l' 
NOT 
BE 
MAAKED 
ON 
PN:KAGE. 


................ 


INCHES 
MILLIMETERS 
N 


INCHES 
MILLIMETERS 
~ 


NOTES, 
D'" 
l.4IN. 
MM. 
l.4IN. 
"M 
~ D'" 
MIN. 
MAX. 
MIN. 
MAX. 
-- 


A 
1.720 
1.760 
43.69 
44.70 
1. 
LEADS 
IN 
TRUE 
POSITION 
WITHIN 


B 
1.120 
1.160 
28.45 
29.46 
.010" 
(.25mm) 
R 
@ 
MMC 
AT 


C 
. 170 
.250 
4.32 
6.35 
SEATING 
PLANE . 


0 
.016 
.021 
0.41 
0.53 


G 
.100 
BASIC 
2.54 
BASIC 


H 
.100 
.140 
2.54 
3.56 


K 
.150 
.300 
3.81 
7.62 


L 
.900 
BASIC 
22.86 
BASIC 
R 
.100 
.140 
2.54 
3.56 


PACKAGE 
NUMBER: 
ZZ116 
I REV.: 
A 


JEDEC 
NUMBER: 
UNKNOWN 


Package 
Number 
126 
- 
28-Pln 
CERDI? 


I" 


A 
·1 


"".=J~~~~ 
~~~ 
~~~~ 
JJ 


PIN 
1 


~~' 
~, 
JLj L,-JL, L~"~: 


INCHES 
MillIME1ERS 
1 


INCHES 
MILl1t.4ETERS 
1 


NOTES 
D'" 
"'N 


""X 
MIN. 
MAX 
D'" 
"'" 
MAX. 
l.4IN. 
MAX 
-- 


A 
1.360 
1.470 
34.54 
7.34 
1. 
LEA.DS 
IN 
TRUE 
POSITION 
WITHIN 
B 
.500 
.550 
17.70 
\.3.97 
.010" 
(.25mm) 
R 
@ 
MMC 


C 
.200 
5.08 
AT 
SEATING 
PLANE. 


0 
015 
.021 
0.38 
0.53 
2. 
PIN 
NUMBERS 
SHOWN 
FOR 
F 
030 
.070 
0.76 
1.78 
REFERENCE 
ONLY. 
NUMBERS 
MAY 
G 
.100 
BASIC 
254 
BASIC 
NOT 
BE 
MARKED 
ON 
PACKAGE. 
H 
030 
.095 
0.76 
2.41 
J 
.007 
.013 
0.18 
0.33 
K 
'00 
-- 
2.54 
1- 


L 
~6~~B~;.lC 
1'=:4~ 
- 
- 
- 


M 


N 
020 
.090 
0.51 
2.29 
I 
PACKAGE 
NUMBER: 
ZZ126 
REV.: 
B 
JEDEC 
NUMBER: 
UNKNOWN 
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~"\~~:::::::I1 


1 
8 


b3 
b2 


INCHES 
MILLIMETERS 
"'" 
MIN. 
MAX. 
"'N 
MAX. 


A 
.230 
5.84 
A1 
.015 
0.38 
A2 
.14 
.1 
4. 
7 


b 
015 
023 
0.38 
058 
9 
b2 
.045 
070 
1.14 
1.78 


b3 
.035 
TYP 
0.89 
TYP 
c 
.008 
.015 
0.20 
0.38 
9 


0 
.753 
.885 
19.13 
22.48 
3 
01 
0 
E 
300 
.3 5 
7.62 
8.25 
4 
E1 
.280 
.295 
7.11 
7.50 
3 
.100 
BASIC 
2.54 
BASIC 
,A 
.300 
BASIC 
7.62 
BASIC 
4 


.450 
-- 
11.43 
5 


8ASE 


PLANE 
~ 
I 
I 
SEATING] 
PLANE 
, 
, 


01 
I-- 


I!J 


CONTROLLING 
DIMENSIONS: 
INCH. 
DIMENSIONING 
AND 
TOLERANCING 
PER ANSI YI4.5M-1982 
o 
AND 
£1 
DIMENSIONS 
INCLUDE 
ALLOWANCE 
FOR 
GLASS 
OVERRUN 
AND 
MENISCUS. 
AND 
LID 
TO 
BASE 
MISMATCH, 
E AND 
eA 
MEASURED 
WITH 
THE 
LEADS 
CONSTRAINED 
TO 
BE 
PERPENDICULAR 
TO 
PLANE 
C 


5 
eB 
AND 
eC 
ARE 
MEASURED 
AT 
THE 
LEAD TIPS 
WITH THE 
LEADS 
UNCONSTRAINED. 
eC 
MUST 
BE 
ZERO 
OR 
GREATER. 


6 
N 1$ THE MAXIMUM NUMBER OF 
TERMINAL 
POSITIONS. 


I ~ 
0 
J~~I::I~ 


INDEX 


AREA 


INCHES 
MILLIMETERS 
INCHES 
MILLIMETERS 
NorES· 


DI" 
"",. 
MAX. 
MAX. 
"'N 
MAX. 
1 
DIMENSIONING 
AND 
TOLERANCING 
A 
085 
.190 
2.16 
4.83 
D· 
15" 
cr 
15' 
PER 
ANSI 
Y14.5-1973 
A1 
.020 
.070 
0.51 
1.78 
2. 
LEADS 
WITHIN 
.005 
IN. 
(0. Umm) 
B 
.015 
.023 
0.38 
0.58 
5 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
B1 
.038 
.080 
0.97 
1.52 
5 
Af 
GAUGE 
PLANE 
WITH 
MAXIMUM 
C 
.008 
012 
0.20 
0.30 
MATERIAL 
CONDITION 
AND 
UNIT 
a 
1.380 
1.430 
35.05 
36.32 
INSTALLED. 
E 
.595 
.625 
15.11 
15.88 
" 


ex 
APPLIES 
TO 
SPREAD 
LEADS 
E1 
.580 
.610 
14.73 
15.49 
PRIOR 
TO 
INSTALLATION. 
,1 
1 
TYP. 
4 
TYP 
4 
tJ 
IS 
THE 
NUMBER 
OF 
TERMINAL 
eA 
BOO 
TYP 
1524 
TYP 
f->051T10NS. 


. 1 5 
.175 
,).18 
4.45 


N 
28 
28 
01 
.010 
0.25 
5 
.030 
.065 
0.76 
1.65 
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7. 
POINTED 
OR 
ROUNDED 
LEAD 
TIPS 
ARE 
PREFERRED 
TO 
EASE 
INSERTION. 
FOR 
AUTOMATIC 
INSERTlON, 
ANY 
RAISED 
IRREGULARITY 
ON 
THE 
TOP 
SURFACE 
(STEP, 
MESA. 
ETC.) 
SHALL 
BE 
SYMMETRICAL 
ABOUT 
THE 
LATERAL 
AND 
LONGITUDINAL 
PACKAGE 
CENTERLINES 
9 
bAND 
(; 
DIMENSIONS 
INCLUDE 
BOTH 
THE 
BASE 
MATERIAL 
AND 
THE 
COATING 
OR 
PLATlNG 
ON 
THE 
LEADS. 
10 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA 


PACKAGE 
NUMBER 
Z2129 
REV.: 
,JEDEC 
NUMBER 
NONE 


OUTUNES 
ON 
WHICH 
THE 
SEATING 
PLANE 
IS 
COINCIDENT 
WITH 
THE 
PLANE 
(A 1 
= 0), 
TERMINALS 
LEAD 
STANDOFFS 
ARE 
NOT 
REOUIRED. 
AND 
B 1 
MAY 
EQUAL 
B 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
ABOVE 
THE 
SEATING/BASE 
PLANE 


6. 
E 1 
DOES 
NOT 
INCLUDE 
PARTICLES 
OF 
PACKING 
MATERIALS 


7. 
CONTROLLING 
DIMENSION: 
INCH. 


8 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA . 


INCHES 
MILLIMETERS " 
INCHES 
MILLIMETERS " 
NOTES, 
0'" 
r 
0'" 
1 
7. 
POINTED 
OR 
ROUNDED 
LEAD 
"'" 


MAX. 
MIN. 
MAX. 
"'" 
MAX. 
"'" 
...." 
1 
CONTROLLING 
DIMENSIONS: 
INCH. 
TIPS 
ARE 
PREFERRED 
TO 
EASE 
A 
-- 
3D -- 
5.84 
eC 
.000 
-- 
0.00 
-- 
5 
2 
DIMENSIONING 
AND 
TOLERANCING 
INSERTION. 
PER 
ANSI 
Y14.5M-1982. 


Al 
nl 
n'R 
L 
100 
-- 
2.54 
-- 
3. 
D 
AND 
El 
DIMENSIONS 
INCLUDE 
8 
FOR 
AUTOMATIC 
INSERTION. 
ANY 


A2 
140 
leO 
'56 
4"7 
N 
14 
14 
6 
ALLOWANCE 
FOR 
GLASS 
OVERRUN 
RAISED 
IRREGULARITY 
ON 
THE 
TOP 
SURFACE 
(STEP, 
MESA, 
ETC.) 
h 
01' 
0?3 
O. 8 
Or-8 
9 
AND 
MENISCUS. 
AND 
LtD 
TO 
SHALL 
BE 
SYMMETRICAL 
ABOUT 
b2 
.045 
.070 
1.14 
1.7R 
BASE 
MISMATCH. 
THE 
LATERAL 
AND 
LONGITUDINAL 
4 
E AND 
eA 
MEASURED 
WITH 
THE 
b3 
.03 
TYP 
0.89 
TYP 
LEADS 
CONSTRAINED 
TO 
BE 
PACKAGE 
CENTERUNES 
9. 
b 
ANO 
c 
DIMENSIONS 
INCLUDE 
c 
.008 
015 
0.20 
0 ..38 
9 
PERPENDICULAR 
TO 
PLANE 
C. 
BOTH 
THE 
BASE 
MATERIAL 
AND 
0 
.753 
.767 
191"\ 
19.4 
3 
5, 
eB 
AND 
eC 
ARE 
MEASURED 
AT 
THE 
COATING 
OR 
PLATING 
ON 
THE 


Dl 
on, 
-- 
I 0 " 
THE 
LEAD 
TIPS 
WITH 
THE 
LEADS 
LEADS. 
E 
00 
'" 
I 7.0 
• Or. 
4 
UNCONSTRAINED. 
eC 
MUST 
BE 
10. 
A VISUAL 
INDEX 
FEATURE 
MUST 


El 
.280 
?O, 
7 '0 
3 
ZERO 
OR 
GREATER. 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
1 
6, 
N 
IS 
THE 
MAXIMUM 
NUMBER 
OF 
HATCHED 
AREA. 
e 
.100 
BASIC 
2.54 
BASIC 
TERMINAL 
POSITIONS. 
eA 
.300 
BASIC 
7.62 
BASIC 
4 
PACKAGE 
NUMBER- 
ZZ163 
REV.' 
·C 


JEDEC 
NUMBER: 
NONE 


BASE 
~Bl~r 
~ 
i~~~~y:=tI 


S--I 
B --If-- 
----r=- L 


e1 
A1 


~ 
DIM 
MI:'CHE~ 
M~~IMEr:xS 
~ 
~~T~I:;ENSIONING 
AND 
TOLERANCING 


u 
15" 
()" 
15' 
3 
PER 
ANSI 
Y14.5-1973. 


2. 
LEADS 
WITHIN 
.005 
IN. 
(O.13mm) 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 


MATERIAL 
CONDITION 
AND 
UNIT 


INSTALLED. 


3, 
ex 
APPLIES 
TO 
SPREAD 
LEADS 
PRIOR 
TO 
INSTALLATION 


4-. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 


PO$JTlONS 


Package 
Number 
105 
• 
24-Lead 
Side 
Braze 
DIP, 
.800 
Wide 


12~ 


D 
,~I 
D r 
I 


El 


~ 


INDEX 


"(¥¥¥uuuu 
12 


AREA 


A 
.085 
.190 
A1 
.020 
.070 
8 
.015 
.023 
81 
,038 
,060 
C 
.008 
.012 
D 
1.180 
1.220 
E 
.595 
.625 


E1 
.580 
610 
el 
.100 
TYP. 
eA 
I';()n 
TVP 


L 
.125 
I 
.175 
N 
24 
Q1 
.010 
-- 
S 
.0.30 
.065 


2.16 
4.83 
0.51 
1.78 
0 ..38 
0.58 
5 
0.97 
\.52 
5 


0.20 
0,30 
29.97 
.30.99 
1511 
15.88 


14-.73 
15.49 
6 


2.54 
TYP 
2 


"04 
TYD 
.3.18 
4.45 
24 
0.Z5 
-- 
0.76 
1.65 


5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
PLANE 
IS 
COINCIDENT 
WITH 
THE 
PLANE 
(AI 
= 
0), 
TERMINALS 


LEAD 
STANDOFFS 
ARE 
NOT 
REOUIRED, 
AND 
81 
MAY 
EQUAL 
B 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
A80VE 
THE 
SEATING/BASE 
PLANE. 


6 
E 1 
DOES 
NOT 
INCLUDE 
PARTICLES 
OF 
PACKING 
MATERIALS. 


7. 
CONTROLLING 
DIMENSION: 
INCH. 


8. 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATED WITHIN THE 
CROSS- 


HATCHED 
AREA. 


PACKAGE 
NUMBER: 
ZZ 165 
I REV.: 
C 


JEDEC 
NUMBER: 
MO-038-AA 


Burr-Brown Ie Data Book-Mixed 
Signal Products rdim- 


VVVVVVVVVVV 


1 
12 


.~~ 
C-u :C:U~(lf~' t Ii 


!:~~;~~~~:~,~ 
~Llm- 
•• I.c-1E=~~ 
< 


01111 
M.;CH(~X. 
M~~~IME~::' 
~ 
01l,4 
"'I~NCHESMAX. 
M~~N~IME::Sf 


A 
-- 
.250 
6.35.3 
L 
."5 
.200 
2.92 
5.08 3 
Al 
.015 
-- 
0.,18 
-- 
3 
N 
24 
24 
7 
A2 
.125 
.195 
3.18 
4.95 
b 
.014 
.022 
0.36 
0.56 
b2 
.030 
.070 
0.76 
1.78 
9 


c 
.008 
015 
0.20 
0.38 
o 
1.150 
1.290 
29.21 
32.77 
4 
01 
.005 
0.13 
4 


E 
.600 
.625 
15.24 15.88 5 


£1 
.485 
.580 
12.32 
14.73 
4 


e 
.100 
BASIC 
2.54 
BASIC 


eA 
.600 
BASIC 
15.26 
BASIC 
5 


eB 
- 
.700 
17.78 
6 


eC 
.000 
.060 
0.00 
1.52 
6 


NOTES: 


1. ALL 
DIMENSIONS 
ARE IN INCHES. 
2. 
DIMENSIONING 
AND TOLERANCING PER 
ANSI 
Y14.5t.A-1982. 
J. 
DIMENSIONS A, A1, AND L ARE 
MEASURED WITH THE 
PACKAGE SEATED 
IN .JEDEC SEATINC PLANE 
GAUGE GS-3. 


4. 
0, 
Ot, 
AND [1 
DIMENSIONS DO NOT 


INCLUDE MOLD fLASH 
OR PROTRUSIONS. 


MOLD FLASH DR PROTRUSIONS SHAll 
NOT EXCEED .010 
(O.25mm). 


5. 
E AND eA 
MEASURED WITH THE LEADS 
CONSTRAINED TO BE 
PERPENDICULAR 


TO DATUM~ 


6. 
eB AND 
eC 
ARE MEASURED AT THE 
LEAD TIPS 
WITH THE 
LEADS 
UNCONSTRAINED. 


7. 
N IS THE MAXIMUM Of 
TERMINAL 
POSITIONS. 


8 
POINTED 
OR ROUNDED 
LEAD TIPS ARE 
PREfERRED 
TO EASE INSERTION. 


9. 
b2 
MAXiMUM 
DiMENSION 
DOES 


NOT INClUDE 
DAMBAR PROTRUSIONS. 
DAMBAR PROTRUSIONS 
SHAlL 
NOT 
EXCEED 
.010 
(D.25mm). 
10. 
DISTANCE BETWEEN LEADS 
INCLUDING 
QAMBAR PROTRUSIONS 
TO BE 


.005 
(0.1 Jmm) 
MINIMUM. 


11. 
A VISUAl 
INDEx 
fEATURE 
t.lU$T 
BE 


LOCATED WITHIN THE CROSS-HATCHED 
AREA. 


12 
fOR 
AUTOt.lATIC 
INSERTION. 
ANY 
RAISED IRREGULARITY ON THE TOP 
SURfACE 
(STEP, 
MESA. 
ETC.) 
SHAlL 
BE SYMMETRICAl 
ABOUT 
THE LATERAL 


AND LONGITUDINAL 
PACKAGE 
CENTERLINES. 


PACKAGE 
NUMBER. 
ZZ167 
I REV.: 
H 
,JEOEC 
NUMBER: 
MS 
011 
M 


1 
7 


~ r-B1 
r' 


+ fi 


BASE 
-U 
~TH 
H H 111J 


A 
PV.NE~ 
H H 
'"""'l 


I -r~ 
~; 
=f-' 


PLANE 


S --- 


--H--B 
L 
r::- 
.A 
.1 -- 


0'" 


iNCHES 
tr.4ILUMETERS 
¥ ~" 
iNCHES 
MILLIMETERS 


¥ 
WIN. 
....." 
"N 
"AX 
"N 
"AX. 
t.lIN. 
"AX 


A 
'"' 
'" 
, h' .., 
~ 
0' 
15' 
0' 
'5' 
3 


Al 
.0>' 
M' 
n h_ 
An 


B 
.015 
.021 
0.38 
0.53 
5 


1 
,038 
,060 
0.97 
1.52 
5 
c 
OOR 
1? 
n,n 
n,n 


n 
hon 
770 
17.5 
19.">6 


E 
.290 
.325 
7.37 
8.26 


1 
?Rn 
'0 
,,' 
7.' 
6 
.1 
,nn 
~o 
? <A 
NO 


.A 
r 
7 
NP 


1 
1 
•• 
N 
1. 
1. 
• 
01 
.010 -- 
0251 
-- 
S 
.030 
.095 
0.76 
2.41 


NOTES, 


1. 
DI~ENSION1NG 
AND 
TOlERANCING 
PER 
ANSI 
Y14.5-1973. 


2. 
LEADS 
WITHIN 
.005 
IN. 
(O.13mm) 


RADIUS 
OF 
TRUE 
POSITION 
(TP) 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
MATERIAL 
CONDITION 
AND 
UNIT 
INSTALLED. 


3. 
0' 
APPLIES 
TO 
SPREAD 
LEADS 


PFi'IOR 
TO 
INSTALLATION. 


4. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
POSITIONS 


5 
OUTLINES 
ON 
WHICH 
THE 
SEATING 


PLANE 
IS 
COINCIDENT 
WITH 
THE 
PLANE 
(A 1 = 
0), 
TERMINALS 


LEAD 
STANDOFFS 
ARE 
NOT 
REQUIRED, 
AND 
B 1 
MAY 
EQUAL 
B 
ALONG 
ANY 
PART 
OF 
THE 
lEAD 
ABOVE 
THE 
SEATING/BASE 
PLAN£. 


6. 
E 1 
DOES 
NOT 
INCLUDE 
PARTICLES 
OF 
PACKING 
MATERIALS 
. 


7. 
CONTROLLING 
DIMENSION: 
INCH, 


8. 
A 
VISUAL 
INDEX 
fEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


PACKAGE 
NUMBER: 
ZZ169 
REV.: 
r 


JEDEC NUMBER: 
t.40-36 
AS 


~m· Burr-Brown Ie Data Book-Mixed 
Signal Products 
C. 7 


C 
"" 
""J" " " " " " " ""1 


E'J 


1 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
16 


~"o~x~, 
0'. 


BASE;~~I~~j 
=gA 
PLANE 


S 
el 
B--H-- 
Al 
L 


INCHES 
~llllMETERS 
~ 
INCHES 
MILUMETERS 
~ 
NOTES: 


DIM 
MIN. 
M~. 
MIN. 
MAX. 
l 
DIt.4 
WIN. 
MAX. 
I.lIN. 
t.4AX. 
l 


14sl 
,9.'1 
'.6ftl 
4.95 
0. 
Cf 
15' 
O' 
15' 
J 
040 
n",n 
I O? I 
i 
<;') 
.016 
.020 
0.41 I 0.51 


.050 
rYP. 
1.27 
TYP. 


(\()Q 
I 
'" 
"7' 
I n ,n 


.'1ROll.620 
40.13141.15 
Q(\()I 
7 


" 
AA< I 
Qn<?? 
4A I?? 
QQ 6 


el 
100 
TYP. 
?54 
TYP. 
eA 
ann 
"'0 
".. 
TVO 
17<1 
7< 
1AI 
4< 


32 
32 


.010 
a 25 I 
-, 


I. 
DIMENSIONING 
AND 
TOLERANCING 
PER ANSI YI4.5-1982. 


2. 
LEADS WITHIN .005 
tN. 
(O.13mm) 


RADIUS 
OF 
TRUE 
POSITION 
(TP) 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
MATERIAL 
CONDITION 
AND 
UNIT 
INSTAllED. 


J. 
ex 
APPLIES 
TO SPREAD 
LEADS 


PRIOR 
TO 
INSTALLATION. 


4. 
N 
1$ THE 
NUMBER 
OF 
TERMINAL 
PQSlTION$. 


5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 


PlANE 
1$ COINCIDENT 
WITH 
THE 
PLANE (A' 
= 0). 
TERMINAlS 


lEAD 
STANDOFFS 
ARE 
NOT 
REOUIRED, 
AND 
81 
MAY 
EOUAl 
B 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


6. 
E 1 DOES 
NOT 
INCLUDE 
PARTICLES 
Of 
PACKING 
MATERIALS. 


7. 
CONTROLLING 
DIMENSION: 
INCH. 


B. 
A 
VISUAL 
INDEX 
fEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


PACKAGE 
NUMBER: 
22172-5 
REV.: 
B 


JEDEC 
NUMBER: 
NONE 


Package Number 178 - 24-Pln sOle 


I~ n n n n n\ 
n n n n ;1 
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1 
B 


0 
J 
u u u u u u u u u u u u 


~jL~ntldTsEATING 
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h, c1 


PLANE 
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MILUt.1ETE:RS 
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INCHES 
MilliMETERS 
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NOTES, 
D'" 
..... 
"AX 
"'N 
"AX 
0'" 
"'N 
MAX. 
WIN. 
MAX . 


A 
",. 
",n 
" 
"n 
'" nn 


B 
.346 
361 
C 
nQR 
7 <n 
0 
.012 
.020 
0.30 
0.50 


G 
.046 
.054 
1.17 
1.37 


PACKAGE 
NUMBER: 
22178 
REV., 
A 
JEDEC 
NUMBER: 
NONE 
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Signal Products sa 


1* 
D 
"I 
16 
9 
~~:::::::I} 


ICE~ 
fPi, 


I 
I 
eC~t=-~~C 


~e8~ 


INCH[S 
MILLIMETERS r 


INCHES 
MILLIMETERS r 


NOTES: 
8. 
POINTED OR ROUNDED 
LEAD TIPS 
ARE 
OIM 
MIN. 
MAX. 
MIN, 
""'. 
0'. 
MIN. 
I 
MAX. 
MIN. I MAX, 
1. ALL 
DIMENSIONS 
ARE IN 
INCHES. 
PREFERRED 
TO EASE INSERTION. 


• -- 
?,n 
'" 
eC 
.000 I .060 
0.00 
1.52 
6 
2. 
DIMENSIONING 
AND TOLERANCING PER 
Y. 
b2 
AND 
b3 
MAXIMUM 
DIMENSIONS 
DO 
ANSI Y14.5M-1982. 
NOT INCLUDE 
OAMBAR PROTRUSIONS 
., 
,015 
0.'" 
3 
L 
1151150 
2,92 
3.81 
3 
3. DIMENSIONS A, A1. AND l 
ARE 
DAMBAR 
PROTRUSIONS 
SHALL 
NOT 
'2 ." , 
,195 
?9? 
4.9~) 
N 
'6 
16 
7 
I,.4[A$UREO WITH THE PACKAGE 
SEATED 
EXCEED 
.0 I 0 
(O.25rnm). 
b 
.014 
.022 
0.36 
056 
lr~ JEDEC 
SEATING PlN'lE 
GAUGE GS-3. 
10. 
DISTANCE 
BETWEEN LEADS 
INCLUDING 


b2 
.045 
.070 
1.14 
1.78 
9 
4. 
O. D10 AND El 
DIMENSIONS 
DO NOT 
OAMBAR PROTRUSIONS 
TO BE 


b3 
.0'0 
.045 
0.7 
1.14 
9 
It\ClUDE 
MOLD 
FLASH OR PROTRUSIONS . 
005 
(0.13,n",) 
MINIMUM. 


I,lOLO fLASH 
OR PROTRUSIONS 
SHAU 
1\. 
A VISUAl 
INDEX 
FEATURE MUST 
BE 


C 
.008 
.014 
0.20 
0.36 
NOT EXCEED 
.010 
(O.25mm). 
LOCATED WITHIN THE CROSS-HATCHED 
D 
.735 
.775 
18.67 
21.34 
4 
5. 
E ANQ eA 
MEASUREQ WITH THE 
LEADS 
AREA. 


D1 
.005 
013 
-- 
4 
CONSTRAINED TO BE PERPENQICULAR 
12. 
FOR AUTOMATIC INSERTION, 
ANY 


E 
.300 
.325 
7.62 
8.2:6 
5 
10 CATUMB;::J . 
RAISED IRREGULARITY ON THE TOP 


6. 
eB 
AND 
eC ARE MEASURED AT THE 
SURFACE 
(STEP, 
MESA, 
ETC.) 
SHAll 


E' 
.240 
.280 
6.10 
7.11 
4 
LEAD TIPS 
WITH THE 
LEADS 
BE 
SYI,lMETRICAL ABOUT 
THE 
LATERAL 


e 
,00 
.A<:;!f': 
7 ~4 
RAC:;lC~ 
UNCONSTRAINEQ. 
AND LONGITUDINAL 
PACKAGE 
CENTERUNES . 


e' 
,nn 
A"I' 
7.6" 
A<:;W 
5 
7. 
N 1$ THE 
MAXIMUM OF TERMINAL 
PACKAGE 
NUMBER 
ZZ 180 
REV.: 
F 


e8 -- 
.430 
-- 
10.92 
6 
POSITIONS. 
JEOEC 
NUMBER' 
MS 
00' 
88 


Package Number 182 - 8-Lead 
sOle 
- 


~'~ 


CJ) 
Bq 
C' 
8 
5 
Z 
~! 
liil." ,,,,,,,,.,, 
L-l d 
~ 
'~~g 
~ t 
DETAIL" 
A" 
a: 
C 


, 
4 
W 


d+ 


--n-h' 
45" 
C' 


r~,~~tItiJiJiJ 
-C- 
• 
c:-' 
~ 


C Lii f 
" 
: Q,'\ 
0 


PLANE 
~ 
fJL '- 
+ 
t 
.- 
\.--~SEE 
~ 
o 
8 
101004 
(,0)1 
DETAIL riA' 


14"1.0,0 
(25)@lcl.@!80)1 


INCHES 
MILLIMETERS ~ 
INCHES 
MILUMET[RS ~ NOTES: 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
0'. 
M,". 
""'. 
l.lIN. 
"'" 
1 0'. 
WIN. 
"'" 
MIN. 
w.x 
! 
lOCATED 
WITHIN 
THE 
CROSS- 
I. 
DIMENSIONING 
AND 
TOLERANCING 
HATCHED 
AREA. 
• 
0532 
.0688 
1.35 
1.75 
PER 
ANSI 
Y14 
5M-1982 
5. 
L 
IS 
THE 
LENGTH 
OF 
TERMiNAl 
A1 
.004 
.0098 
0.10 
0.23 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE. 


8 
.013 
.020 
0.33 
0.51 
7 
1A0LO FLASH, 
PROTRUSIONS 
OR 
6. 
N 
IS 
THE 
NUMBER 
or 
TERMINAL 
C 
.0075 
.0098 
0.20 
0.25 
:;ATE 
BURRS. 
MOLD 
FLASH, 
POS1110NS 


D 
.189 
.1968 
4.80 
4.98 
2 
:>ROTRUSIONS 
AND 
GATE 
BURRS 
7. 
THE 
LEAD 
WIDTH 
B, 
AS 
SHALL 
NOT 
EXCEED 
.006 
IN 
E 
.1497 
.1574 
3.80 
4.00 
3 
(0.15 
mm) 
PER 
SIDE. 
MEASURED 
014 
IN. 
(0.36 
mm) 
OR 


.050 
BASIC 
1.27 
BASIC 
GREATER 
ABOVE 
THE 
SEATING 
e 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
PLANE, 
SHALL 
NOT 
EXCEED 
A 
H 
.2284 
.244 
5.80 
6.20 
INTER-LEAD 
FLASH 
OR 
MAXIMUM 
VALUE 
OF 
.024 
IN. 
h .0099 
.0196 
0.25 
0.50 
4 
PROTRUSIONS. 
INTER- 
LEAD 
FLASH 
(0.61 
mm). 


I 
0'" 
0'0 
041 
, ?7 
5 
AND 
PROTRUSIONS 
SHALL 
NOT 
8 
LEAD 
TO 
LEAD 
CQPLANARITY 
N 
8 
8 
6 
I:.XLI:.t:.U .U 1U IN. 
({J.L:> 
mm) 
SHALL 
BE 
LESS 
THAN 
.004 
IN. 


0< 
(] 
8' 
(] 
8" 
PER 
SIDE. 
(0.10 
mm) 
FROM 
SEATING 
PLANE. 


4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
OPTIONAL 
IF 
IT IS 
NOT 
PRESENT, 
PACKAGE 
NUMBER 
ZZ182 
REV.: 
H 
JEDEC 
NUMBER: 
idS 
012 
AA 


rem- Burr-Brown Ie Data Book-Mixed 
Signal Products 


~~D~~ 11 
113lfID'D(2S)(@B@1 


"'" 


INCHES 
MilLIMETERS 
~ "'" 


INCHES 


"'" 
"AX 
"'" 
"AX 
"'" 
"AX 


A 
.0926 
.1043 
2.35 
2.65 


A' 
00' 
.0118 
0.10 
0.30 


B 
.013 
.020 
0.33 
0.51 
7 


C 
.0091 
.0125 
0.23 
0.32 
0 
.3977 
.4133 
10.10 
10.50 
2 


E 
.2914 
.2992 
7.40 
7.60 
3 


e 
DSD 
BASIC 
1.27 
BASIC 


H 
.394 
.419 
10.00 
10.65 


h 
.0lD 
.029 
0.25 
0.75 
4 


L 
.016 
.050 
0.40 
1.27 
S 


N 
'6 
, 6 
6 


<X 
0- 
8' 
0- 
8' 


D 


A 
.124 
.166 


Al 
040 
060 
B 
.016 
.020 
B1 
.045 
.055 
C 
.009 
.012 


D 
1.584 
1.616 
E 
900 
920 
E1 
.885 
.905 
el 
.100 
TYP. 


eA 
.900 
TYP. 
L 
.125 
.180 


N 
32 


S 
.030 
I .065 


D' 
I 'S' 


3.15 
4.22 


1.02 
1.52 
0.41 
051 
5 
1.14 
1.40 
5 
0.23 
0.30 


40.23 41.05 
22.86 
2337 


22.48 
22.99 
6 


2.54 
TYP. 
2 


22.86 
TYP. 
2 
3.18 
4.57 
32 
0.76 
1.65 
O' 
15" 
.3 


~ 
_NO_T_E_S' 


1. 
DIMENSIONING 
AND 
TOLERANCING 
PER 
ANSI 
Y1'.SM-,982. 


2. 
DIMENSION 
D 
DOES 
NOT 
INCLUDE 
MOLD 
FLASH. 
PROTRUSIONS 
OR 


GATE 
BURRS. 
MOLD 
FLASH, 
PROTRUSIONS 
AND 
GATE 
BURRS 


SHALL 
NOT 
EXCEED 
.006 
IN 
(0.15 
mm) 
PER 
SIDE. 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
INTER-LEAD 
FLASH 
OR 
PROTRUSIONS. 
INTER-LEAD 
FLASH 
AND 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
.010 
IN. 
(0.25 
mm) 
PER 
SIDE. 
4 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 


OPTIONAL. 
IF 
IT 
IS 
NOT 
PRESENT. 


A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 


HATCHED 
AREA. 


5. 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE. 
6. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
POSITIONS. 


7. 
THE 
LEAD 
wrOTH 
8. 
AS 


MEASURED 
.0'4 
IN. 
(0.36 
mm) 
OR 


GREATER 
ABOVE 
THE 
SEATING 
PLANE. 


SHALL 
NOT 
EXCEED 
A 
MAXIMUM 


VALUE 
OF 
.024 
IN. 
(0.61 
rnm). 


8 
LEAD 
TO 
LEAD 
CDPLANARITv 


SHALL 
BE 
LESS 
THAN 
.004 
IN. 
(0 
10 
mm) 
FROM 
SEATING 
PLANE. 


PACKAGE 
NUMBER: 
ZZ211 
REV.: 
F 
JEDEC 
NUMBER: 
MS-013 
AA 


3 
00: 
A:lPUES 
TO 
SPREAD 
LEADS 
PRIOR 
TO 
INSTALLATION. 


4. 
N 
1$ THE 
NUMBER 
OF 
TERMINAL 


POSJTtONS. 


5. 
OUTLINES ON WHICH THE SEATING 
PLANE 
IS 
COINCIDENT 
WITH 
THE 
PLANE 
(A 1 = 
0), 
TERMINALS 


LEAD 
STANDOFFS 
ARE 
NOT 
REQUIRED, 
AND 
81 
MAY 
EQUAL 
B 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


6 
E 1 
DOES 
NOT 
INCLUDE 
PARTICLES 
OF 
PACKING 
MATERIALS. 


7. 
CONTROLLING 
DIMENSION: 
INCH. 


8. 
A 
VISUAL 
INDEX 
fEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA 


;711 
E'J 


~~~E 
"-~' 
v 
v 
v 
v 
v 
v 
v B' 
U 
U 
U 
v 
v '6 :J ! 
~~~~~Gl' 
fT 


S~ 
B~~ 
~L 
el 
Al 


MIlliMETERS 
iJ 
DIM 
INCHES 
MILLIMETERS 
V 
NOTES: 


t.AIN 
MAX 
t 
t.lIN. 
MAX 
MIN. 
MAX 
t 
1 
DIMENSIONING 
AND 
TOLERANCING 
PER 
ANSI 
Y14.5-1982. 


2. 
lEAD~; 
WtTHIN 
.005 
IN. 
(O.13mm) 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
MATERIAL 
CONDITION 
AND 
UNIT 
INSTAl.LED. 


Burr-Brown Ie Data Book-Mixed 
Signal Products r:gg 


o 


1£ 
0 
;,1 


\[ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ JIJ 


1 
W 


INCHES 
t.4llLlt.lETERS 
S 
INCHES 
MILLIMETERS 
N 
NOTES: 
0 
0'. 
WIN. 
J.lAX. 
l,lIN. 
MAX. I 
01. .". 
IolA.X. 
MIN. 
MAX . I 
1. 
DIMENSIONING 
AND 
TOLERANCING 
S. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
PlANE 
IS 
COiNCIDENT 
WITH 
THE 


A 
.OAS 
.100 
'),16 
4.8] 
0 
0" 
15' 
0" 
15' 
3 
PER 
ANSI 
Y14.5-1973. 
PLANE 
(AI 
= 
0). 
TERMINALS 
Al 
.020 
.070 
0.51 
1.7R 
2 
LEADS 
WITHIN 
.005 
IN. 
(0. 13mm) 
LEAD 
STANDOFFS 
ARE 
NOT 


" 
.0\5 
.02.> 
0.38 
O.~8 
5 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
REDUIRED. 
AND 
BI 
MAY 
EOUAL 
B 


B' 
.03B 
.060 
0.97 
1.52 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 


C 
.OOR 
017 
0.70 
.30 
MATERIAL CONDITION 
AND 
UNIT 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


0 
lOAn 
2.030 
50.29 51.56 
INSTALLED. 
6. 
El 
ODES 
NOT 
INCLUDE 
PARTICLES 


E 
.595 
.625 
15.11 
15.88 
3. = 
APPLIES 
TO 
SPREAD 
LEADS 
OF 
PACKING 
MATERIAlS. 


El 
'AD 
.610 
14.73 
1".4Q 
6 
PRIOR 
TO 
INSTALLATION. 
7. 
CONTROLLING 
DIMENSiON: 
INCH. 
el 
,nn 
TVp 
7 '4 
TVP 
2 
4. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 


eA 
I':.l"'Il'l 
TVP 
1 '')4 
TVp 
POSITIONS. 
B. 
A 
VISUAL 
INDEX 
FEATURE 
MUST 


L 
17' 
.17' 
"RI44" 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 


N 
40 
40 
4 
HATCHED 
AREA. 


01 
.010 
-- 
0.25 
-- 
PACKAGE 
NUMBER: 
ZZ214 
REV.: 
C 
S 
0 
.6 
.76 
106r: 
JEDEC 
NUMBER: 
MO 038 
AC 


Pllckag8 
Number 
215 
- 
28-Pln 
Plastic, 
Double-Wide 
DIP 
- 


I ~ 
A 
A 
A 
A 
A 
ADA 
A 
A 
A 
A 
A:i 
I 


U) 
C' 
1 
z 


~ 
E' 


I,-;NDEX 
1 


a: 


v::vvvvvvvvvv 
c 
w 


I 
'4 
C' 
~-j r-- 
C"Co """ 
~' 
~E=;1 


~ 
j II Ll II It! I 1r 1r U U 1r 1rll r 1r 1 
c- 


~~~V~~~~:~,~VL00J V 
", -,=11 
0 


~ 


~ 
c 


'8~ 


INCHES 
l.4ILLINETERS 
~ 


INCHES 
t.4ILU••.•[l(RS 
~ 


NOTES: 
8. 
POINTED OR ROUNDED 
LEAD TIPS ARE 
". 
WIN. 
MAX 
. 
.... 
UAX. 
". 
"N. 
UAX. 
WIN. 
UAX. 
1. All 
DIMENSIONS 
ARE IN 
INCHES. 
PREfERRED 
TO EASE INSERTION. 


A 
7'" 
"" 
L 
.115 
.200 
2.92 
5.08 
3 
2. 
DIMENSIONING 
AND TOLERANCING PER 
9 
b2 
MAXII.lUM 
DIMENSION 
DOES 


ANSI 
'fl<4..5M- 
1 962 
NOT INCLUDE 
DAMBAR PROTRUSIONS. 
Al 
.015 
"38 
-- 
3 
N 
28 
B 
7 
3. 
DIMENSIONS 
A. 
A 1, 
AND 
L 
ARE 
DAMBAR PROTRUSIONS 
SHALL 
NOT 


A2 '" .,q, ''" 


4 qe, 
MEASURED WITH THE PACKAGE SEATED 
EXCEED 
.010 
(O.25mm). 


b 
.014 
.022 
0.36 
0,6 
IN JEDEC 
SEATING PLANE 
GAUGE GS-3 
10, 
DISTANCE BETWEEN LEADS 
INCLUDING 


b2 
n,n 
.07n 
n.76 
1 7R 
9 
4. 
O. 
(J 1, AND E I 
DIt.4[NSIQN$ 
DO NOT 
DAMBAR PROTRUSIONS 
TO BE 


c 
nOB 
.015 
070 
03R 
INCLUDE 
MOLD fLASH 
OR PROTRUSIONS. 
.005 
(O.13mm) 
t.4INIMUM. 


MOLD FlASH 
OR PROTRUSIONS 
SHALL 
11, 
A VISUAL 
INDEX 
FEATURE MUST 
BE 


0 
1 'An 
1 565 
3505 
39.75 
4 
NOT EXCEED 
,010 
(O.25mm). 
lOCATED 
WITHIN THE CROSS-HATCHED 
01 
nn' 
0.13 
4 
5. 
E A~D 
eA MEASURED WITH THE LEADS 
AREA. 


E 
.600 
.67S 
15.'74 
15.88 
5 
CON5TRAINED 
TO BE PERPENOICUlAA 
12 
FOR AUTOMATIC INSERTION, 
ANY 


E1 
.485 
580 llR 
14.73 
4 
TO [)ATUM~ 
RAISED IRREGULARITY ON THE TOP 
o. 
etl 
flNU 
eC 
At<t 
MtA~UHlO 
AT THE 
~Uf(fflc:t 
(~rEP, 
t.4E.SA, ETC.) 
SHAll 
e 
'00 
>A<tr ,,, 


A'in 
lEAD 
TIPS 
WITH THE 
lEADS 
BE SYMt.4ETRICAL ABOUT 
THE LATERAL 


eA 
.son 
QA<:::lr 
1'"6 
AAS! 
5 
UNCONSTRAINED. 
AND 
LONGITUDINAL 
PACKAGE 
CENTERUNES 


.B 
-- 
.700 
- 
17.78 
6 
7 
N IS THE MAXIMUM 
OF TERMINAL 
PACKAGE 
NUMBER: 
ZZ215 
I REV.: 
J 
.c 
.nno 
I 
.one 
n.oo 
1." 
6 
POSITIONS. 
JEDEC 
NUM8ER, 
1045-011 
AS 


ram 


o 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


INCHES 
NILlIMETERS 
" 
INCHES 
Nl.UNETERS ~ 


NOTES, 
CROSSHATCHED 
AREA. 
o,W 


W," 
WAX 
/olIN. 
•••.•• 
X 
¥ 
O'W ..". 


WAX 
/olIN. 
"AX. 
1. 
DIMENSIONING 
AND 
TOLERANCING 
5 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 


A 
0926 
.1043 
2.35 
2.65 
PER 
ANSI 
YI4.5M-1982. 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE. 


Al 
.004 
.0118 
0.10 
0.30 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
6 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
8 
.013 
.020 
0.33 
0.51 
7 
MOLD 
FLASH. 
PROTRUSIONS 
OR 
POSITIONS. 
GATE 
BURRS. 
MOLD 
FLASH, 


C 
.009\ 
.0125 
0.23 
0.32 
PROTRUSIONS 
AND 
GATE 
BURRS 
7. 
THE 
LEAD 
WIDTH 
B, 
AS 


0 
.6969 
.7125 
17.7018.10 
SHALL 
NOT 
EXCEED 
.006 
IN. 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 


(0.15 
mm) 
PER 
SIDE. 
GREATER 
ABOVE 
THE 
SEATING 
E 
.2914 
.2992 
7.40 
7.60 
PLANE, 
SHALL 
NOT 
EXCEED 
A 
e 
.050 
BASIC 
1.27 
BASIC 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
INTER-LEAD 
FLASH 
OR 
PROTRUSIONS. 
MAXIMUM 
VALUE 
OF 
.024 
IN. 
H 
.398 
.419 
10.11 
10.65 
INTER-LEAD 
FLASH 
AND 
PROTRUSIONS 
(0.61 
mm) . 


h 
.010 
.0295 
0.25 
0.75 
4 
SHALL 
NOT 
EXCEED 
.010 
IN. 
8. 
LEAD 
TO 
LEAD 
CDPLANARITY 


L 
.020 
.040 
.508 
1.02 
5 
(0.25 
mm) 
PER 
SIDE. 
SHALL 
BE 
LESS 
THAN 
.004 
IN . 


N 
28 
28 
6 
4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
(0.10 
mm) 
FROM 
SEATING 
PLANE. 


<X 
(f 
8" 
(f 
8' 
OPTIONAL 
IF 
IT 
IS 
NOT 
PRESENT, 
PACKAGE 
NUMBER: 
ZZ217 
REV., 
G 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
JEOEC 
NUMBER: 
~S-013-AE 
BE 
LOCATED 
WITHIN 
THE 
WITH 
THE 
EXCEPTION 
OF 
DIM. 
H. 
L. 


~DDI-j 


1 
2 
8 ~ J 
~ ~'~ 
t 
1 I klfIOlO(25)@IB@! 
I 
E 
H 
IjBl 
~~~~ 


14 
A1 


uuul~ 
8-j~~ 
1%1.010 (25)@ICIA@18(s)1 
101004 (.10) I 
~'~ 
SEATlNG- 
PLANE 
[!] 


"'" 


INCHES 
W," 
"AX 
A 
.0926 
.1043 


Al 
.004 
.0118 
8 
.013 
.020 


C 
.0091 
.0125 


0 
.6969 
.7125 
DI 
.426 
.441 


E 
.2914 
.2992 
e 
.050 
BASIC 


H 
394 
.419 


h 
.010 
.0295 


I 
01. 
050 
N 
12 


<X 
0' 
B' 


1. 
DIWENSIONING 
AND 
TOLERANCING 
PER 
ANSI 
Y14SM-1982. 


2. 
onJENSION 
0 
DOES 
NOT 
INCLUDE 
MOLD 
fLASH. 
PROTRUSIONS 
OR 
GAT£ 
BURRS 
MOLD 
fLASH . 
PRCTRUSIONS 
AND 
GATE 
BURRS 
SHALL 
NOT 
EXCEED 
.006 
IN. 
(0.15 
rnrn) 
PER 
SIDE. 


3 
DIWENSION 
E 
DOES 
NOT 
INCLUDE 
INTER-LEAD 
FLASH 
OR 
PRCTRUSIONS. 
INTER-LEAD 
FLASH 
AND 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
.010 
IN. 
(0.25 
mm) 


PER 
SIDE. 


4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
OPTiONAL 
IF 
IT IS 
NOT 
PRESENT. 
A VISUAL 
INDEX 
FEATURE 
MUST 
BE 


2.35 
2.65 


0.10 
0.30 
0.33 
0.51 
7 
0.23 
0.32 


17.7018.10 
2 
10.82 
11.20 
7.42 
7.60 
3 


1.27 
BASIC 


10.01 
10.65 


0.25 
0.75 
4 
041 
I ".}7 
5 


12 
6 
D' 
8" 


LOCATED 
WITHIN 
THE 
CROSS- 


HATCHED 
AREA. 


5. 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 
FOR 
SOLDERING 
TO A 
SUBSTRATE. 


6. 
N 
IS 
THE 
NUMBER 
OF 
TERJ.4INAl 
POSITIONS. 


7. 
THE 
LEAD 
WIDTH 
B. 
AS 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 
GREATER 
ABOVE 
THE 
SEATING 
PLANE. 
SHALL 
NOT 
EXCEED 
A 
MAXIMUM 
VALUE 
OF 
.024 
IN. 


(0.61 
mm). 


8 
LEAD 
TO 
LEAD 
COPlANAR1TY 
SHALL 
BE 
LESS 
THAN 
.004 
IN. 
(0.10 
mm) 
fROM ~lATlNG PLANE. 


PACKAGE 
NUMBER: 
ZZ217-2 
REV.: 
0 


JEOEC 
NUMBER: 
MS-013 
AE 
WITH 
THE 
EXCEPTION 
Of 
~N" 


Burr-Brown Ie Data Book-Mixed 
Signal Products r~m· 


Ir=E~ 


~~, 
eC b-~{c 


eS ----I 


INCHES 
IlAILLjMETERS 
" 
INCHES 
~ILUMETERS 
" 
NOTES, 
8. 
POINTED OR ROUNDED 
LEAD TIPS ARE 


D'M 
MIN. 
MAX. 
MIN. 
MAX. ! 
D'M 
MIN. 
I 
t.lAX. 
MIN. 
MAX. ! 
1. ALL 
DIMENSIONS 
ARE IN INCHES. 
PREFERRED 
TO EASE INSERTION, 


A 
"0 
'" 
L 
.115 
I .150 
2.92 
3.81 
3 
2. 
DH.4ENSIONING AND 
TOLERANCING PER 
9. 
b2 
MAXIMUM 
DIMENSION 
DOES 
- 
- 
ANSI Y14.5M- 
1982 
NOT INCLUDE 
DAMBAR PROTRUSIONS. 
AI 
.015 
0.38 
3 
N 
18 
18 
7 
.l. 
DIMENSIONS 
A. Al. 
AND 
L ARE 
DAMBAR PROTRUSIONS 
SHALL 
NOT 


A2 
.11'" 
. 19"" 
').O? 
4.°' 
MEASURED WITH THE PACKAGE SEATED 
EXCEED .010 
(O.25mm) 
. 


b 
.014 
.022 
0.36 
0.56 
IN JEDEC 
SEATING 
PLANE 
GAUGE GS-J 
. 
10. 
DISTANCE BETWEEN LEADS 
INCLUDING 


b2 
0", 
070 
11 
1 7" 
9 
4. 
0, 
D1, AND £1 
DIMENSIONS 
DO NOT 
OAM8AR 
PROTRUSIONS 
TO BE 


INCLUDE 
MOLD FLASH OR PROTRUSIONS. 
.005 
(0.1 Jrnm) 
MINIMUM. 


c 
.008 
.014 
0.20 
0.36 
MOLD FLASH OR PROTRUSIONS 
SHALL 
11. 
A VISUAl 
INDEX 
FEATURE MUST 
BE 


D 
.880 
920 
22.35 
23.37 
4 
NOT EXCEED .010 
(O.25mm). 
LOCATED WITHIN THE CROSS-HATCHED 


Dl 
005 
0.13 
4 
5. 
E AND eA 
MEASURED WITH THE 
LEADS 
AREA. 


E 
.300 
.325 
7.6? 
8.26 
5 
CONSTRAINED 
TO BE 
PERPENDICULAR 
12. 
FOR AUTOMATIC INSERTION, 
ANY 


TO DATUM~ 
RAISED IRREGULARITY ON THE TOP 
El 
.240 
.280 
6.10 
7.11 
4 
6. 
eB 
AND eC 
ARE MEASURED AT THE 
SURFACE 
(STEP, 
MESA, 
ETC.) 
SHALL 
e 
100 
A""lr 
? "'4 
AI 
LEAD TIPS WITH THE lEADS 
BE 
SYMMETRICAL ABOUT 
THE LATERAL 


eA 
.300 
QASIC 
7.63 
BASIC 
5 
UNCONSTRAINED. 
AND lONGITUDINAL 
PACKAGE CENTERLINES . 


eB 
.430 
10.92 
6 
7. 
N IS THE 
MAXIMUM OF TERMINAl 
PACKAGE 
NUMBER: 
ZZ218 
REV.: 
0 


I.c 
000 
.ORO 
0.00 
1. 
6 
POSITIONS 
JEDEC 
NUMBER: 
MS 
001 
AC 


Package 
Number 218 - 
18-LEAD 
sOle 
- 
~;4=Tl 


en 


~[t 


C'Z 


~EEAX 
~ 
I 
BIFlol0(25)@IB@1 
~ 


E 
H 
a: 


~ 


DETAIL" 
A' 
C 
W 
~ ~~ ~ ~~ ~~ 
C' 
I 
;I~ 
1r 


h 
)l 
45' 
~ 


8ASE 
ffij 


/-, 


CLjf 
,'3\1" \ 
0 
PLANE ~ 
~ 
U U U U U U 


SEATING =i f- ~ ~ '-.. 
.- 
~--~SEE 
~ 


PLANE 
0 


S 
1c>1.Q(~ 
DETAIL" 
A" 


1?f1.01o 
(25)@lcIA@IB(s)1 


INCHES 
IlAILLlMETERS 
" 
INCHES 
IlAILLIMETERS 
N 
NOTES· 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
D'M 
! 0'" 


0 


MIN. 
MAX. 
l.lIN. 
MAX. 
l.lIN. 
MAX. 
"'" 


MAX. 
I 
1. 
DIMENSIONING 
AND 
TOLERANCING 
LOCATED 
WITHIN 
THE 
CROSS- 


A 
.0926 
.1043 
2.35 
2.65 
PER 
ANSI 
YI4.5M-1982 
. 
HATCHED 
AREA 


AI 
.004 
.0118 
0.10 
0.30 
2. 
DIMENSION 
D 
DOES 
NOT 
INCLUDE 
5. 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 


B 
.013 
.020 
0.33 
0.51 
7 
MOLD 
FLASH, 
PROTRUSIONS 
OR 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE 
. 


C 
.0125 
0,23 
0.32 
GATE 
BURRS. 
MOLO 
FLASH, 
6. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
.0091 
PROTRUSIONS 
AND 
GATE 
BURRS 
POSITIONS. 
D 
.4469 
.4625 
11.35 
11,75 
2 
SHALL 
NOT 
EXCEED 
,006 
IN. 
7 
THE 
LEAD 
WIDTH 
B, 
AS 
E 
.2914 
.2992 
7.40 
7.uo 
3 
(015 
mm) 
PER 
SIDE 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 
e 
.050 
BASIC 
, .27 
BASIC 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
GREATER 
ABOVE 
THE 
SEATING 
PLANE, 


H 
.394 
.419 
10.00 
10.65 
INTER-LEAD 
FLASH 
OR 
SHALL 
NOT 
EXCEED 
A 
MAXIMUM 
h 
.010 
.029 
0,25 
0.75 
4 
PROTRUSIONS. 
INTER-LEAD 
FLASH 
VALUE 
OF 
.024 
IN. 
(0.61 
mm) . 


L 
.016 
I .050 
0.40 L 1.27 
5 
AND 
PROTRUSIONS 
SHALL 
NOT 
8. 
LEAD 
TO 
LEAD 
COPLANARITY 


N 
18 
18 
6 
EXCEED 
.010 
IN. 
(0.25 
mm) 
SHALL 
BE 
LESS 
THAN 
.004 
IN 


oro 
0" 
8" 
0' 
8" 
PER 
SIDE. 
(0.10 
rnrn) 
fROM 
SEATING 
PLANE. 


4 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
PACKAGE 
NUMBER: 
ZZ219 
REV., 
E 
OPTIONAL. 
IF 
IT 
IS 
NOT 
PRESENT, 
JEDEC 
NUMBER: 
MS-013-AB 


BURR-me 
IE:lE!£ 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


Package Number 221 - 20-LEAD SOle 


v 


k:4=Tl 
~Ct 


~E~X' 
1 
1"$"101O(2S)@IB@1 
IJ:l 


DETAIL 
"/t 


1 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
,~ 
- 
A1 
11".45' 
~1F§U 
u u u u u U'CBh '~~f 


c:-' 
,., lIS ') 


B --H- 
'=101004(10)1 


~--A5EE 
DETAIL" 
A" 


1"$"1010 
(25)@lcIA@ls®l 


INCHES 
Ir.lILUMETERS " 
INCHES 
Ir.lILLIIolETERS 
N 
NOTES, 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
0'. 
~ Ill. 
~ 
WIN. 
w.x. 
MIN. 
w.x. 
MIN, 
w.x. .". 
MAX . 
I. 
DIMENSIONING 
AND 
TOLERANCING 
LOCATED 
WlTHIN 
THE 
CROSS- 


A 
.0926 
. 1043 
2.35 
2.65 
PER 
ANSI 
Y14.SM 
1982 
. 
HATCHED 
AREA. 


Al 
.004 
.0118 
0.10 
0.30 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
5. 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 


B 
.013 
.020 
0.33 
0.51 
7 
MOLD 
FLASH, 
PROTRUSIONS 
OR 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE. 


C 
.0091 
.0125 
0.23 
0.32 
GATE 
BURRS. 
MOLD 
FLASH . 
6. 
N 
IS 
THE 
NUMBER 
OF' 
TERl.AINAL 


0 
.4961 
.5118 
12.60 
13.00 
2 
PROTRUSIONS 
AND 
GATE 
BURRS 
POSITIONS. 


E 
.2914 
.2992 
7.40 
7.60 
3 
SHALL 
NOT 
EXCEED 
.006 
IN. 
7. 
THE 
LEAD 
WIDTH 
B. 
AS 
. 
.050 
BASIC 
1.27 
BASIC 
(0.15 
mm) 
PER 
SIDE. 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 


3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
GREATER 
ABOVE 
THE 
SEATING 
PLANE. 


H 
.394 
419 
10.00 
10.65 
INTER-LEAD 
FLASH 
OR 
SHALL 
NOT 
EXCEED 
A 
MAXIMUM 


h 
.010 
.029 
0.25 
075 
4 
PROTRUSIONS. 
INTER 
LEAD 
FLASH 
VAlUE 
OF 
.024 
IN. 
(0.61 
mm). 


L 
.016 
.OSO 
0.40 
I 1.27 
5 
AND 
PROTRUSIONS 
SHALL 
NOT 
8. 
LEAD 
TO 
LEAD 
COPLANARITY 


N 
20 
20 
6 
EXCEED 
.010 
IN. 
(0.25 
mm) 
SHALL 
BE 
LESS 
THAN 
.004 
IN. 


<X 
cr 
8" 
cr 
I 
8" 
PER 
SIDE. 
(0.10 
mm) 
FROM 
SEATING 
PLANE. 


I 
4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
PACKAGE 
NUt.1BER· 
ZZ221 
REV.: 
0 


OPTIONAl. 
IF 
IT 
IS 
NOT 
PRESENT. 
JEDEC 
NUMBER: 
t.1S 
01 J-AC 


I• 
0 
-\ 
20 
11 
~~{:::::::::IJ 


1 
10 


0'. 


INCHES 
IolILUM[TERS 


A 
.210 
5.33 


Al 
.015 
0.38 


A2 
.115 
.195 
2.92 
4.95 
b 
.014 
.022 
0.36 
0.56 


b2 
.045 
.070 
1.14 
1 78 
9 


.008 
.014 
0.20 
0.36 
0 
.980 
1.060 
24.89 
26.92 
4 


01 
.oos 
0.13 
4 
E 
.300 
.325 
7.62 
8.26 
5 


El 
.240 
.280 
6.10 
7.11 
4 
. 
100 
BASIC 
2,5" 
BASIC 


eA 
.300 
BASIC 
7.63 
BAStC 


oB 
.430 
10.92 
oC 
.000 
.060 
0.00 
1.52 


NOTES 


I. 
ALL 
DIMENSIONS 
ARE IN 
INCHES. 
2. 
DIMENSIONING AND TOLERANCING PER 
ANSI 
'f14.5t.4-19B2. 


3. 
DIMENSIONS 
A, A I, 
AND 
L ARE 
MEASURED WllH 
THE PACKAGE SEATED 
IN JEDEC 
SEATING PlANE 
GAUGE GS-3. 


-4. 
0, 
01, 
AND E1 
DIMENSIONS 
DO NOT 
INCLUDE 
~OLD 
flASH 
OR PROTRUSIONS . 


MOLD 
FLASH OR 
PROTRUSIONS 
SHALL 
NOT [XCEED 
.010 
(O,25mm), 


5. 
E AND 
eA 
MEASURED WITH THE LEADS 


CONSTRAINED TO BE PERPENDICUlAR 
TO Do\TUM~ 
6. 
eB lIND 
eC ARE MEASURED AT THE 


LEAD TIPS WITH THE LEADS 
UNCONSTRAINED . 
7 
N IS THE 
MAXIMUM OF TERMINAL 
POSIlIONS . 


INCHES 
t.AILllMETERS 


w.x. 


.115 
.150 
2.92 
3.81 


20 
0 


8. 
POINTED OR ROUNDED 
LEAD np$ 
ARE 
PREfERRED 
TO EASE INSERTION. 


9. 
b2 
MAXIMUM 
DIMENSION 
DOES 


NOT INCLUDE 
DAMBAA 
PROTRUSIONS. 
DA~BAR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED .010 
(O.25mm). 


10. 
DISTANCE BETWEEN LEADS 
INCLUDING 


OA~BAR 
PROTRUSIONS 
TO BE 


.005 
(0.1 Jmm) 
~INI~Ut.4 
11. 
A VISUAL 
INDEX 
fEATURE 
MUST BE 
LOCATED WITHIN THE 
CROSS-HATCHED 
AREA. 


12. 
fOR 
AUTO~ATIC 
INSERTION, 
N-lY 
RAISED IRREGUlARITY 
ON THE TOP 


~~R~~~1lt~T& 
~~T q~~&~~~L 
AND 
LONGITUDINAL 
PACKAGE 
CENTERUNES, 


PACKAGE 
NUMBER: 
ZZ222 
REV,: 
C 


JEDEC 
NUIlABER: 
MS-OOl 
-AD 


Burr-Brown IeData Book-Mixed 
Signal Products ri¥3.g- 


"" 


INCH[S 
MILLIMETERS 
0'" 


INCH(S 
MILLIMETERS 


lAIN. 
...,. 
"AX. 
"N 
""". 
• 
.15 
.193 
3.94 
4.90 
.175 
ASIC 
4.45 
BASIC 
., 
.01 
.022 
0.46 
0.56 
8 


b 
.018 
TYP . 
0.46 
TYP. 


b2 
TYP. 
TYP. 


b 
P 


0 
1.44 
1 46 
.57 
7.0 


E 
.608 
.614 
15.44 
15.60 


1 
1 
6 
1 
6 


4 
A 
4 
I 


.64 
.67 
16.3 
17.15 


( 
.070 
.0 
0 
1.7 
.03 


NOTES· 


1. 
CONTROLLING 
DIMENSIONS. 
INCH . 


2. 
DIMENSIONING 
AND 
TOLERANCING 
PER 
ANSI 
Y14.5M-1982 
. 
3. 
D 
AND 
E1 
DIMENSIONS 
INCLUDE 
ALLOWANCE 
FOR 
GLASS 
OVERRUN 


AND 
MENISCUS, 
AND 
LID 
TO 
BASE 
MISMATCH. 


4. 
eB 
AND 
eC 
ARE 
MEASURED 
AT 
THE 
LEAD 
TIPS 
WITH 
THE 
LEADS 
UNCONSTRAINED. 
eC 
MUST 
BE 
ZERO 
OR 
GREATER. 


5. 
N 
1$ THE 
MAXIMUM 
NUMBER 
OF 
TERMINAL 
POSITIONS. 


6. 
POINTED 
OR 
ROUNDED 
LEAD 


TIPS 
ARE 
PREFERRED 
TO 
EASE 
INSERTION 
. 


7. 
FOR 
AUTOMATIC 
INSERTION, 
ANY 
RAISED 
IRREGULARITY 
ON 
THE 
TOP 


SURFACE 
(STEP, 
MESA, 
ETC.) 


SHALL 
BE 
SYMMETRICAL 
ABOUT 
THE 
LATERAL 
AND 
LONGITUDINAL 


PACKAGE 
CENTERLINES. 


8. 
bAND 
c 
DIMENSIONS 
INCLUDE 
BOTH 
THE 
BASE 
MATERIAL 
AND 
THE 
COATING 
OR 
PLATING 
ON 
THE 
LEADS. 


9. 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


A ------21-'11 


1. 
lEADS 
IN 
TRUE 
POSITION 
WITHIN 
.OlOM 
(.25MM) 
R l!) 
MMC 
AT 
SEATING 
PLANE. 


2. 
PIN NUMBERS SHOWN FOR 
REFERENCE 
ONLY. 
NUMBERS 


MAY 
NOT 
BE 
MARKED 
ON 
THE 
PACKAGE. 


BURR·m· 
IE:lW 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


INCHES 
MILLIMETERS " 
INCHES 
MILLIMETERS 1 


NOTES, 
A 
VlSUAL 
INDEX 
FEATURE 
MUST 
BE 


"'" 
l.lIN. 
MAX 
t.lIN. 
MAX. ~ 0'" 
t.lIN. 
"AX 
"'" 
MAX. 
,. DIMENSIONING 
AND 
TOLERANCING 
LOCATED 
WITHIN 
THE 
CROSS- 


A 
.0532 
.0688 
1.35 
1.75 
PER 
ANSI 
Y14.5M-'982. 
HATCHED 
AREA. 


A1 
.004 
.0098 
0.10 
0.25 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
5. 
L 
IS 
THE 
LENGTH 
OF 
TERMiNAl 
MOLD 
FLASH. 
PROTRUSIONS 
OR 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE. 
B 
013 
.020 
0.33 
0.51 
7 
GATE 
BURRS. 
MOLD 
FLASH. 
6. 
N 
IS 
THE 
NUMBER 
OF 
TERMiNAl 


C 
.0075 
.0098 
0.19 
0.25 
PROTRUSIONS 
AND 
GATE 
BURRS 
POSITIONS. 


0 
.3367 
.3444 
8.55 
8.75 
2 
SHALL 
NOT 
EXCEED 
.006 
IN. 
7. 
THE 
LEAO 
WIDTH 
B. 
AS 


E 
.1497.1574 
3.80 
4.00 
3 
(0.15 
mm) 
PER 
SIDE. 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 
e 
.050 
BASIC 
1.27 
BASIC 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
GREATER 
ABOVE 
THE 
SEATING 
PlANE, 
H 
.2284 
.244 
5.80 
6.20 
INTER-LEAD 
FLASH 
OR 
SHALL 
NOT 
EXCEED 
A 
MAXIMUM 
h 
.0099 
.0196 
0.25 
0.50 
• 
PROTRUSIONS. 
INTER-LEAD 
FLASH 
VALUE 
OF 
.024 
IN. 
(0.61 
mm). 


L 
.016 
.050 
DAD 
1.27 
AND 
PROTRUSIONS 
SHALL 
NOT 
8. 
LEAD 
TO 
LEAD 
COPLANARITY 


N 
14 
,. 
EXCEED 
.0 lOIN. 
(0.25 
mm) 
SHALL 
BE 
LESS 
THAN 
.004 
IN. 


cr 
O' 
8' 
O' 
8' 
PER 
SIDE. 
(0 
10 
mm) 
FROM 
SEATING 
PLANE. 
I 
4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
PACKAGE 
NUI.4BER· 
ZZ235 
REV., 
E 


OPTIONAl. 
IF 
IT 
IS 
NOT 
PRESENT, 
JEDEC 
NUMBER: 
MS 
012 
AS 


Package Number 237 - 28-Lead Side Braze DIP, .1500Wide 


I_ 
0 
-I 


2 
Na 
15 
I[~~~~~~~~~~JI] 


1 


" 


INDEX 
AREA 
B1-~·n-- 
t 0O, 


~t;~E~~r? 
nnlr 1t1tffl1 
A 
SEATlNGJ 
PLANE 
tr tr 
B-~ 
=FL 


S 
--- 


e1r-- 
Al 


INCHES 
lo4lLlIMETERS " 
INCHES 
lo4lLUMETERS " 
NOTES, 


04" 
"'" 
MAX. 
MIN. 
MAX. 1 "'" 
t.lIN. 
MAX. 
"'". 
MAX. ~ 
5 
OUTLINES 
ON 
WHICH 
THE 
SEATING 


A 
.085 
1. DIMENSIONING 
AND 
TOLERANCING 
PLANE 
IS 
COINCIDENT 
WITH 
THE 
.190 
2.16 
4.83 
PER 
A'IISI 
YI4.5-1982. 
PLANE 
(AI 
= 
D), 
TERMINALS 


Al 
.040 
.060 
1.02 
1.52 
LEAD 
STANDOFFS 
ARE 
NOT 
B 
.016 
.020 
0.41 
0.51 
5 
2. 
LEADS 
WITHIN 
.005 
IN. 
(0.13mm) 
REQUIRED, 
AND 
B 1 
MAY 
EQUAL 
8 
B1 
.045 
.055 
1.14 
1.40 
5 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
AT GAUGE 
PLANE 
WITH 
MAXIMUM 


C 
.009 
.012 
0.23 
0.30 
MATER AL 
CONDITION 
AND 
UNIT 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


0 
1.425 
1.475 
36.20 
37,47 
INSTALLED. 
6 
E' 
DOES 
NOT 
INCLUDE 
PARTICLES 


E 
.600 
.620 
15.24 
15.75 
3. 
0. 
APPLIES 
TO SPREAD 
LEAOS 
OF 
PACKING 
MATERIALS. 


E1 
585 
.605 
14.86 
15.37 
6 
PRIOR 
TO 
INSTALLATION . 
7. 
CONTROLLING 
DI~ENSION: 
INCH. 
e1 
. 1CO TYP 
7.'4 
TYP 
2 
4. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAl 
eA 
.590 
.610 
14.99 
15.49 
2 
POSITIONS. 


8. 
A VISUAL 
INDEX 
FEATURE 
MUST 


L 
.1 5 
.180 
3.18 
4.57 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 


N 
28 
28 
• 
HA1CH(O 
AREA. 


S 
.0601 
.090 
1.52 
2.29 
PACKAGE 
NUMBER: 
ZZ237 
REV.: 
C 


0 
rr 
I 
15' 
Q' 
IS' 
3 
JEDEC 
NUl.lBER: 
NONE 


Burr-Brown Ie Data Book-Mixed 
Signal Products r~m· 


Package 
Number 
239 
• 
24-Lead 
sOle 


~'R~ 
~~ 
1 
Hklolo 
(.25)@18 
@I 


~RD~, 


E 
H 
DETAIL 
·'A' 


~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~. 
-H- 


1 
1 
A1 
h 
x 
45' 


ltllc!E:u 
uuuuuuuul;;f 


c=-' 


CLcfif 
". l~~ 


SEATING - 
'-' 
+ 
-r 


~--ASEE 
PLANE 
0 
--11-- 8 
Ic> 1004 
( I 0) I 
DETAIL 
"AM 


1"$"1 DID 
(25)(@cIA@18®! 


INCHES 
"ILlI •.••[TERS i 
INCHES 
I,lILUI.lETERS 
N 
NOTES, 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
~" 
0'" 
~ I. 
DIMENSIONING 
AND 
TOLERANCING 
LOCATED 
WITHIN 
THE 
CROSS- 


MIN. 
WlX. 
MIN. 
MAX. 
MIN. 
•••••X 
"'" 
MAX. 
HATCHED 
AREA. 
A 
.0926 
.1043 
2.35 
2.65 
PER 
ANSI 
YI4.5M-1982. 
5. 
l 
IS 
THE 
LENGTH 
OF 
TERMINAL 
Al 
.004 
.011R 
0.10 
0.30 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
FOR 
SOLDERING 
TO 
A 
SU8STRATE. 


8 
.013 
.020 
0.33 
0.51 
7 
MOLD 
FLASH, 
PROTRUSIONS 
OR 
n 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
GATE 
BURRS. 
MOLD 
FLASH, 
C 
nool 
.O17~ 
0.73 
0.32 
PROTRUSIONS 
ANO 
GATE 
BURRS 
POSITIONS 


0 
.5985 
.6141 
15.20 
15.60 
SHALL 
NOT 
EXCEED 
.006 
IN. 
7. 
THE 
LEAD 
WIDTH 
B, 
AS 


E 
.2914 
.2992 
7.40 
7.60 
(0.15 
mm) 
PER 
SIDE. 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 


.050 
BASIC 
1.27 
BASIC 
GREATER 
ABOVE 
THE 
SEATING 
0 
3. 
DII,ENSION 
E 
DOES 
NOT 
INCLUDE 
PLANE, 
SHALL 
NOT 
EXCEED 
A 
H 
.394 
.419 
10.00 
10.65 
INTER-LEAD 
FLASH 
OR 
MAXIMUM 
VALUE 
Of 
.024 
IN . 
h 
.010 
.0?95 
0.?5 
0.75 
PROTRUSIONS. 
INTER-LEAD 
FLASH 
(0.61 
mm). 
L 
.016 
.OSO 
0.40 
1.27 
AND 
PROTRUSIONS 
SHALL 
NOT 
8. 
LEAD 
TO 
LEAD 
COPLANARITY 
SHALL 
N 
24 
2' 
EXCEED 
.010 
IN. 
(0.25 
mm) 
~~ObE~~ETHS~Ti2g4 
p~~~_l 
0 
mm) 
'" 
a 
8' 
a 
8· 
PER 
SIDE. 


4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
PACKAGE 
NUMBER: 
22239 
REV.: 
E 
I 
OPTIONAL. 
IF 
IT 
IS 
NOT 
PRESENT, 
JEDEC 
NUMBER' 
MS 
013 
AD 


b2 --1 f-- 
-fT 


~~E~ 
J Jl~;LOJUl 
UlJ UUIJ-CI)I'imH- 


~~~~G 
Ilr""¥ 
~ ~ ¥ ¥ ¥ V V ¥ 1:1 
[:1 
A1 L 
01- 
~L 
~[~::jI-. 


FULL 
LEAD 


4 
PL 
b 
1"$101O(.25)@ICI 


ir=E=;1F 
f-t.--J~ 
-t= 


1--~--II1 
oC 
r-- 
---It'j c 


08--1 


INCHES 
MILUt.4ETERS i 


INCHES 
MILLIMETERS ~ 


NOTES· 
B. 
POINTED 
OR ROliNDED 
LEAD 
TIPS ARE 
"'" 
"~. 
"AX 
"IN 
"AX 
"'" 
"IN 
"AX 
"'" 
"AX 
1 
ALL 
DIMENSIONS 
ARE IN INCHES. 
PREFERRED 
TO EASE INSERTION. 


A 
-- 
.210 
5 ..1., 
3 
L 
.115 
.\50 
2.92 
3.8\ 
3 
Z. 
DIMENSIONING AND 
TOLERANCING PER 
9. 
b2 
MAXIMUM 
DIMENSION 
ODES 
-- 
M.SI 
Y14.5M-19BZ 
. 
NOT INCLUDE 
DAMBAR 
PROlRU$IONS. 
Al 
.015 
0.38 
3 
N 
24 
24 
7 
3. 
DIMENSIONS 
A, Al, 
AND 
L ARE 
DAMBAR PROTRUSIONS 
SHALL 
NOT 
A2 
.115 
.195 
2.92 
4.95 
MEASURED WITH THE PACKAGE SEATED 
EXCEED 
.010 
(O.25mm). 


b 
.014 
022 
0.36 
0_56 
IN ,JEOEC SEATING PlANE 
GAUGE GS-3. 
10. 
DISTANCE BETWEEN LEADS 
INCLUDING 


b2 
.045 
.070 
1.14 
1.78 
9 
4. 
0, 
01, 
AND 
E1 
DH.4ENSION$ DO NOT 
DAMBAR PROTRIJSlONS 
TO BE 
INCLUDE 
MOLD fLASH 
OR PROTRUSIONS. 
005 
(0 
13rnll"1) 
MINIMUIwl 
c 
.008 
.014 
0.20 
0.36 
MCLD 
FLASH OR PROTRUSIONS 
SHALL 
11. 
A VISUAL 
INDEX FEATURE 
MUST BE 
0 
1.230 
1.2803124 
32.51 • 
NOT EXCEED 
.010 
(O.25mm) 
LOCATED WITHIN THE CROSS-HATCHED 
AREA. 


01 
.005 
- 
(l.1) 
4 
5. 
E AND 
eA MEASURED WITH THE LEADS 
12, 
f"OR AUTOMATIC INSERTION. 
ANY 


E 
.300 
.325 
7.62 
8.26 
5 
CONSTRAINED TO BE PERPENDICULAR 
RAlSEO IRREGULARITY ON THE TOP 


El 
.240 
.280 
610 
7.11 
4 
Te 
OATUM~ 
SURFACE 
(STEP. 
MESA, 
ETC.) 
SHALL 
6. 
eB 
AND 
pC 
ARE 
MEASURED AT THE 
BE SYMIoAETRICALABOUT 
THE 
LATERAL 
~~~~~:g 


2.54 
B~C. 
- 
I FAn 
TIP<; WITH THf 
lfADS 
AND 
LONGITUDINAL 
PACKAGE 
7.62 
BASIC 
5 
UtlCONSTRAlNED. 
CENTERLINES. 


08 
I 
.430 
10.92 
6 
7. 
N IS THE MAXIMUM 
OF TERMINAL 
PACKAGE 
NUMBER: 
2Z243 
I REV.: 
0 
oC 
.000 
.060 
0.00 
1.52 
6 
POSITIONS. 
JEDEC 
NUtr.4BER: 
"'S 
0Ol-AF 


r~m·Burr-Brown Ie Data Book-Mixed 
Signal Products 


::~b 


-I 
'2 


I"24 
%'~:: 
, 
I· 


b2--j r 


8ASE 
I 
I I 


PLAN'''.-J 
JUl 


~):~~: I-~I~J-·~L 


4 
PL 03:1t- 


4 
PL 
b 
!"$"I.o,O(.25)@1c1 


N 
N 
NOTES· 
9. 
b2 
AND b3 
MAXIMUM DIMENSIONS DO 


N~~~IU~~ 
~ 
DIU 
l.l1~NCHE~. 
"'~~~IUET~ 
~ 
1. 
AlL 
~1t.lENSIONS 
ARE 
IN 
INCHES. 
NOl 
INCLUDE 
DAMBAR 
PROTRUSIONS. 


2. ~~~~Ny~I~~~~ 
1~~~, 
TOLERANCING 
PER 
~~~~ 
.~~gTF(~:~~~~)~HALl 
NOT 


~. 
DIMENSIONS A, A \, 
AND L ARE 
1O~~~~NCpER~T~~~~~S 
L~~tClUDING 


MEASURED WITH THE 
PACKACE SEATED 
.005 
(0.13mm) 
MINIMUM. 


4. I~. '~l~E;.N~~T;N~I:E~~I~N~UD~E 
NG5r-J· 
11. 
A VISUAL 
INDEX 
FEATURE MUST BE 


INCLUDE MOlD 
FlASH 
OR PROTRUSIONS. 
LOCATED WITHIN THE CROSS-HATCHED 


~gtrDE:~~~;R(g~SU;~):SSHAll 
12~F~R 
AUTOMATIC INSERTION, ANY 


RAISED IRREGULARITY ON 
THE TOP 
5. 
E AND 
eA 
MEASUREO WITH THE LEADS 
SURFACE 
(STEP, 
I.AESA. 
ETC.) 
SHAll 


CONSTRAINED TO BE PERPENDICULAR 
BE SYt.4I.4[TRICAl ABOUT THE LATERAL 
TO DATUM~ 
. 
AND LONGITUDINAL PACKAGE 


(i 
eB AND eC ARE ~EASlJRED AT THE 
CENTERUNES. 
LEAD TIPS WITH THE LEADS UNCONSTRAINED. 
7. 
N IS THE MAXIMUM or 
TERMINAL POSITIONS. PACKAGE 
NUMBER: 
ZZ243 
1 
8 
POINTED OR ROUNDED LEAD TIPS ARE 
JEDEC 
NUMBER: 
MS 
001-BE 
PREfERRED 
TO EASE INSERTION. 
WITH THE 
EXCEPTION 
OF ~N" 


-P-r 
EilE~ 
IUI-~ 
I 
I 


~ I 
t,L 
I 
ijj~ , f=~ I 


eC 
"I 
C 
e8 ----1 


A 
.210 
5.33 
,) 
eB 
-- 


Al 
.015 
-- 
0.38 
-- 
3 
eC 
000 


A2 
.115 
.195 
2.92 
4.95 
L 
.115 
b 
.014 
.022 
0.36 
0.56 
N 
12 


b2 
.045 
.070 
1.14 
1.78 
9 


b3 
.030 
.045 
0.76 
1.14 
9 


c 
.00B 
.014 
0.20 
0.36 
o 
1.160 
1.195 
29.46 
30.35 
4 
01 
nno; 
0.13 
-- 
4 


.630 
.655 
16.00 
16.64 


E 
.300 
.325 
7.62 
8.26 
5 
[1 
.?40 
?~O 
61n 
7.114 


e 
Ion 
ASIC. 
7."4 
A;IC. 


eA 
1nn 
<ASIC 


-- 
10.92 
6 


0.00 
1.52 
6 
2.92 
3.8' 
3 
'2 
7 


;-jr81 
JTJTHHHHHH 
I 
I 
r', BE 
HH1IIJ 
A 


- 
-~ 
0<; 
~ 


L 
t=- 
eA -=r 
C 


BASE 
II 


PLANE 
'--Lj H 
~~~GJ 
I 


5 - 
--11--8 


-- 
el 
- 


INCHES 
MllUlAETERS 
~ 
INCHES 
MilLIMETERS 


N 
NOTES, 
5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
Y 
~" "N 
"AX 
"'N 


"AX. 
E 
0'" 
"ON 
"AX. 
~IN, 
MAX. 
E 
1- 
DJ~ENSIONING 
AND 
TOLERANCING 
PlANE 
IS 
COINCIDENT 
WITH 
THE 


A 
.105 
.175 
2.67 
4.45 
0 
(j 
'5' 
lT 
15· 
3 
PER 
ANSI 
Y14.5-1973. 
PLANE 
(AI 
= 
D), 
TERMINALS 


Al 
.025 
.055 
0.64 
1.40 
2. 
LEADS 
WITHIN 
.005 
IN. 
(0. 13mm) 


LEAD 
STANDOFFS 
ARE 
NOT 


REQUIRED, 
AND 
Bl 
MAY 
EQUAl 
B 


8 
.015 
.021 
0.38 
0.53 , 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
ALONG 
ANY 
PART 
OF 
THE 
LEAQ 
Bl 
.038 
.060 
0.97 
1.52 , 
AT GAUGE 
PlANE 
WITH 
MAXIMUM 
A80VE 
THE 
SEATINC/BASE 
PLANE. 


C 
.008 
012 
0.20 
0.30 
MATERIAL 
CONDITION 
AND 
UNIT 


INSTALLED. 
6. 
El 
DOES 
NOT 
INCLUDE 
PARTICLES 
D 
1.188 
1.212 
30.18 
30.78 
OF 
PACKING 
MATERIALS. 


E 
7Qn 
.17.' 
R 7' 
3. 
D< 
APPLIES 
TO 
SPREAD 
LEADS 


El 
.280 
.310 
7. \ 1 
7.87 
6 
PRI)R 
TO 
INSTALLATION . 
7. 
CONTROLLING 
DIMENSION: 
INCH. 


e' 
100 
TYP 
7_~4 
TYP 
2 
4. 
N 
IS 
THE 
NUM8ER 
OF 
TERMINAL 
B. 
A 
VISUAL 
INDEX 
fEATURE 
MUST 


eA 
.300 
TYP. 
7.62 
TYP. 
2 
POSITIONS. 
8E 
LOCATED 
WITHIN 
THE 
CROSS- 


L 
.125 
. 175, 
.3.181 
4.45 
HATCHED 
AREA . 


N 
24 
24 
4 
PACKAGE NUMBER: 
ZZ245 
REV.: 
C 


0' 
.010 
- 
0.251 
JEOEC 
NUMBER: 
~O 
.36 
AE 


S 
.0 
.065 
0.76 
1.65 
WITH THE 
EXCEPTION 
OF 
DI~. 
D. 
N 


i"-m- 
Burr-Brown Ie Data Book-Mixed 
Signal Products sa 


14 
0 
"I 
28 
15 
~~{:::::::::::: ]1 


INCHES 
~llUMETERS 
INCH[S 
MILUMETERS 
NOTES, 
9. 
b2 
MAX1MUI.ADIMENSION 
DOES 
0'" 
l.lIN. 
"AX. 
0'" 
f.lIH. 
IAA' 
1. ALL 
DIMENSIONS 
ARE IN 
INCHES. 
NOT INCLUDE 
DAMBAR 
PROTRUSIONS 


A 
.115 
.150 
3.81 
2. 
DIMENSIONING 
AND TOLERANCING PER 
DAMBAR PROTRUSIONS 
SHALL 
NOT 
2.92 
ANSI Y14.5M-1982. 
EXCEED 
.010 
(O.25mm). 


A1 
.015 
0.38 
28 
28 
3. 
DIMENSIONS 
A, A " 
AND 
L ARE 
10. 
DiSTANCE 
BETWEEN LEADS 
INCLUDING 


A2 
.115 
.195 
.9 
4.9S 
MEASURED WITH THE PACKAGE SEATED 
DAMBAR PROTRUSIONS 
TO BE 


b 
.014 
.022 
036 
0.56 
IN ,JEDEC SEATING PLANE 
GAUGE GS-3 . 
.005 
(O.13mm) 
MINIMUM. 


b2 
.045 
.070 
1.14 
1.78 
9 
4. D, 01, AND [1 
DIMENSIONS 
DO NOT 
11. 
A VISUAL 
INDO: 
I="[ATURE MUST BE 
INCLUDE 
MOLD FLASH OR PROTRUSIONS . 
LOCATED 
WITHIN 
THE 
CROSS-HATCHED 


.008 
.014 
0.20 
0.36 
MOLD 
FLASH 
DR 
PROTRUSIONS 
SHALL 
AREA. 


0 
, .385 
1.425 
35.18 
36.20 
4 
NOT EXCEED 
.010 
(O.25r(jrn). 
12. 
FOR AUTOMATIC INSERTION, 
ANY 


01 
.005 
0.13 
4 
5. 
E AND 
eA 
MEASURED WITH THE LEADS 
RAISED IRREGULARITY ON THE TOP 


E 
.300 
5 
7.62 
8.26 
5 
CONSTRAINED TO BE 
PERPENDICULAR 
SURFACE 
(STEP, 
MESA. 
ETC,) 
SHALL 


TO DATUM~ 
BE SYMMETRICAL ABOUT 
THE 
LATERAL 
E1 
.240 
.280 
6.10 
7.11 
4 
6. 
e8 
AND 
eC ARE MEASURED AT THE 
AND 
LONGITUDINAL 
PACKAGE 


e 
1 
, 
.°4 
AI 
LEAD TIPS 
WITH THE LEADS UNCONSTRAINED. 
CENTERLINES 


eA 
.JOO 
BASIC 
7.62 
BASIC 
7, 
N IS THE 
MAXIMUM OF TERMINAL 
POSITIONS. PACKAGE 
NUMBER: 
ZZ246 
REV.: 


e8 
.430 
10.92 
8. 
POINTED OR ROUNDED 
LEAD TIPS ARE 
,JEDEC 
NUMBER: 
M$-001-AG 


eC 
.00 
.060 
0.00 
1.52 
PREFERRED TO EASE INSERTION 
WITH 
THE 
EXCEPTION 
OF 
"N" 


I_ 
. 
0 
'I 
~~.~::J:::::I::~IJ 


1 
14 


0'" 


INCHES 
t.4llLlt.AETERS 
INCHES 
t.4llLlt.AETERS 
NOTES, 


WIN. 
MAX. 
MIN. 
0'" 
r..IAX. 
MIN. 
IAA'. 
1. 
DIMENSIONING 
AND 
TOLERANCING 


A 
.105 
.175 
2.67 
4.45 
()' 
15' 
()' 
15' 
PER 
ANSI 
Y14.5-1973. 


A1 
025 
.055 
0.64 
1.40 
2. 
LEADS 
WITHIN 
.005 
IN. 
(O.l.>mm) 


B 
015 
.021 
038 
0.53 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 


81 
.038 
.060 
0.97 
1.52 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
~ATERIAL 
CGNDmON 
AND 
UNIT 
C 
.008 
.012 
0.20 
0.30 
INSTALLED, 


0 
1. 
8 
1.412 
35.25 
35.86 
3. 
ex 
APPLIES 
TO 
SPREAD 
LEADS 


E 
.290 
.325 
7.37 
8.26 
PRIOR 
TO 
INSTALLATION. 
E1 
.280 
.310 
7.11 
7.87 
4. 
I~ IS 
THE 
NUMBER 
OF 
TERMINAL 


e1 
. 100 
TYP 
2.54 
TYP . 
POSITIONS, 
eA 
.300 
TYP. 
7.6 
TYP. 


N 
28 
01 
.010 


S 
.030 
.065 


28 
0.25 
0.76 
1.65 


~:£i;;<a. 
I.! 
:!::!I Burr-Brown Ie Data Book-Mixed 
Signal Products 


5 
OUTLINES 
ON 
WHICH 
THE 
SEATING 


PLANE 
1$ COINCIDENT 
WITH 
THE 
PLANE 
(AI 
= 
0), 
TERMINALS 
LEAD 
STANDOFFS 
ARE 
NOT 
REQUIRED, 
AND 
B1 
MAY 
EQUAL 
B 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


6. 
El 
DOES 
NOT 
INCLUDE 
PARTICLES 
OF 
PACKING 
MATERIALS. 


7. 
CONTROLUNG 
DIMENSION: 
INCH. 


8 
A VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


PACKAGE 
NUMBER: 
ZZ247 
REV.: 
JEDEC 
NUMBER' 
MO-036-AE 
WITH 
THE 
EXCEPTION 
OF 
DIM. 
O. 
N 


bA~DJ 


PIN 


1~1 
10 


lU:tHHHHHHHtlff 
hE3t~ 
~Gf- 
o-H- 
N 
J 
~L~ 


INCHES 
I.lllllUETERS 
N 
INCHES 
MILLIMETERS 
N 
NOTES: 


"'" 


y "'" 
y -- 
"ON 
"AX 
"ON. 
MAX. 
[ 
UIN. 
"". 
"'N 
"" 
A 
.494 
.498 
12.55 12.65 
1. 
LEADS 
IN 
TRUE 
POSITION 


8 
206 
210 
5.23 
5.33 
WITHIN 
010" 
(.2SMM) 
@ 
MMC 
C 
.071 
.077 
1.80 
1.96 
AT 
SEATING 
PlANE. 


D 
.013 
.017 
0.33 
0.43 


PIN 
NUMBERS 
SHOWN 
FOR 
G 
.050 
BASIC 
1.27 
BASIC 
2. 


H 
.021 
.025 
0.53 
0.64 
REFERENCE 
ONLY. 
NUMBERS 


MM 
NOT 
BE 
MARKED 
ON 


J 
.0076 
0082 
0.19 
0.21 
PACKAGE. 


L 
.303 
.311 
7.70 
7.90 


M 
3" 
S' 
3' 
S' 


N 
.002 
.006 
O.OS 
0.15 


PACKAGE 
NUMBER: 
ZZ248 
REV.: 
A 


JEDEC 
NUMBER: 
NONE 


P4ckage 
Number 
261 
- 
28-Pln 
Lee pl~ 


[ 
81 
B 
N 
~ 
Ull. 


L~ 
T- 
=T!- 
SUTONC 


F 
D-J~ 
'1M< 
EG--=----..J 
K 


0'" 


INCHES 
llAllllMETERS 
~ "'" 


INCHES 
•..•ILLIMETERS 1 


NOTES: 


"ON 
"AX. 
I.llN. 
"". 


"ON 
"". 


MIN. 
MAX. 
-- 


A 
.450 
.460 
, 1.43 
, 1.68 


Al 
.450 
.460 
11.43 
11.68 
~ 
.450 
.460 
11.43 
11.68 


81 
.450 
.460 
11.43 
11.68 


C 
.165 
.180 
4.19 
4.57 
n 
.OLJ 
.0?3 
0.33 
0.58 


E 
390 
.430 
Q.91 
lo.Q2 
, 
.0?6 
.03 
0.66 
0.81 


G 
.050 
BASIC 
1.27 
A IC 


K 
n15 
025 
03" 
0.1'14 


M 
,485 
.495 
12.32 
12.57 


N 
.4 
S 
.495 
1 
1 . 
7 
p 
.nn 
"n 
? 
??Q 
PACKAGE 
NUMBER: 
ZZ25' 
REV.; 
A 


JEDEC 
NUMBER: 
UNKNOWN 


BURR-me 
Burr-Brown Ie Data Book-Mixed 
Signal Products IIEIS 


Package 
Number 
256 
- 
68·Lead 
with 
Gull 
Wing 


~'~'~ 
m 


A 
Al 
~ 
~ 
M 


II ~ 
E I 


020 
x 
45 
~ 
--II-- 0 
--II-- 
G ~ 
PIN 
1 
.040 
x 
45· 


INDICATOR 
N - 
3 
PLACES 


P 
==it 
P""u""",,~u~~ 
SEATING 
PlANE 


J 


INCHES 
MILUMETERS 
N 
INCHES 
MILLI ••••ETERS 
N 
NOTES, 


"'" 


9 
0'" 
9 -- 
MIN. 
•••••x 
MIN . 
•••••x. 
[ 
MIN. 
••••x. 
I,lIN. 
"AX 
[ 


A 
.940 
.960 
23.88 
24.38 


I 
FORMED 
LEADS 
SHALL 
BE 
PLANAR 
Al 
.865 
.875 
21.97 
22.2.1 


C 
.200 
REF. 
4.81 
REF. 


WITH 
RESPECT 
TO 
ONE 
ANOTHER 


WITHIN 
.004 
MAX 
AT 
SEATING 
0 
013 
.025 
033 
0.64 
PLANE. 


G 
.050 
BASIC 
1.27 
BASIC 
J 
.045 
.055 
1.14 
1.40 


K 
.045 
REF. 
1.14 
REF. 


... 
1.200 
1.220 
30.48 
30.99 


N 
1.200 
1.220 
30.48 
30.99 
P 
[J 
f; 
O· 
f; 


PACKAGE NU~8ER: 
ZZ256 
REV.: 
A 
JEDEC 
NU~8ER: 
UNKNOWN 


Package 
Number 
265 
- 
16-Lead 
sOle •• 150 
Wide 
- 


~D~ 
~-} 


en" 


16 
9 
Z 


r:1 
fl3k' DID 
(25)(@S@! 


~ 
.- 
LL 


INOEX~, 
E 
H 
AREA 
r l 


DETAIL 
..A" 
a: 


t:J t:J t:J t:J t:J t:J H 
C 


1 
8 
w 


u1d+ 
II h 
:~5. 
" 


~ti~E~I~ 
~ u u u u u 
« 


C~eDEQ~l 
~ 


p~~~G -10~j 
l-B 
~ 
~ ~ 
0 


SEE 


~ 
101004 
(10) 
I 


DETAIL ~P;,' 


Hklolo 
(.25)@!cIA@ls0)I 


INCH(S 
MILLlI'.lETERS 
~ 
INCHES 
MILLlI'.lETERS 
~ 


NOTES, 
A 
VISUAL 
INDEx 
FEATURE 
MUST 
BE 
0'" 
MIN. 
MAX. 
"'N 
....x. I "'" 
MIN. 
....x. 
MIN. 
"AX. 
LOCATED 
WITHIN 
THE 
CROSS- 
1. 
DIMENSIONING 
AND 
TOLERANCING 


A 
.0532 
.0688 
1.35 
1.75 
PER 
ANSI 
Y14.5M-1982 
. 
HATCHED 
AREA 


Al 
004 
.0098 
0,10 
0.25 
2 . 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
5. 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 


S 
.013 
.020 
0.33 
0.51 
7 
"')LD 
FLASH. 
PROTRUSIONS 
OR 
FOR 
SOLDERING 
TO A 
SUBSTRATE 


C 
.0075 
.0098 
0,19 
0.25 
GATE 
BURRS. 
MOLD 
FLASH . 
6, 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 


PROTRUSIONS 
AND 
GATE 
BURRS 
POSITIONS. 
0 
."~8S9 
.3937 
9.80 
10.00 
2 
SHALL 
NOT 
EXCEED 
006 
IN. 
7 
THE 
LEAD 
WIDTH 
B, 
AS 


E 
.1497 
.1574 
3.80 
4.00 
3 
«1.15 
mm) 
PER 
SIDE . 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 


e 
.050 
BASIC 
1,27 
BASIC 
3. 
['IM[NSION 
E 
DOES 
NOT 
INCLUDE 
GREATER 
ABOVE 
THE 
SEATING 
PLANE. 
H 
.2284 
I .244 
5.80 
6.20 
11\TER-LEAD 
FLASH 
OR 
SHALL 
NOT 
EXCEED 
A 
MAXIMUM 


h 
.0099 
1.0196 
0.25 
0.50 
4 
POlOTRUSIONS. 
INTER-LEAD 
FLASH 
VALUE 
OF 
.024 
IN. 
(0.61 
mm). 


L 
.016 
I ,050 
0.40 
1.27 
S 
AND 
PROTRUSIONS 
SHALL 
NOT 
8. 
LEAD 
TO 
LEAD 
COPLANARITY 


N 
10 
Ib 
6 
E<CEED 
.010 
IN. 
(0.25 
mm) 
SHALL 
BE 
LESS 
THAN 
.004 
IN. 


a 
[J 
B· 
O· 
8· 
PER 
SIDE. 
(0 
10 
mm) 
FROM 
SEATING 
PLANE. 


4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
PACKAGE NUMBER: 
ZZ265 
REV.; 
0 
OPTIONAL. 
IF 
IT 
IS 
NOT 
PRESENT, 
JEDEC 
NUMBER: 
MS 
012-AC 


BURR·me 
'E:I)$( 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


Package 
Number 2ee - 18-Pin Side-Braze Ceramic 


""'O'-Ef 


" "4 
I 
E 
1--1 


INO£)( 
NII0 
TERt.lINAL 
NO.1 
12m 
8 , 
10 
AREA 
-6- 


I$lbbb®Icl'-' ®lo®1 


~Lc~~~~j't 
"-m 


CENTER 
PLANE 


a I 
--/]L.- J 
' 
EJ 
1\ 


PW<~, 
(. 
PL) 
b (" 
Pl.) 
1---- 
~L) 
""/2 
C 
~ 
r-;"8Pll 


I$l«c 
~1r.l"-6 
IDlo® 
1$loao@ 
c 
A 8®lo® 


INCHES 
UILLlIvlETERS 
~ 


INCHES 
UILLluETERS 
~ 


NOTES. 


DIM 
",. 
•.•...,. 
",. 
MAX . 
0'" ... 
•.•...,. 
LlIH . 
MAX. 


A 
.200 
5.08 
1. 
DIMENSIONS 
ARE 
MIL -STD-1835 


b 
.014 
.026 
0.36 
0.66 


COl/PLIANT 
(REF 
GDIP-PI88. 
0-6). 


b2 
.045 
.065 
1.14 
1.65 


C 
008 
0'8 
0.20 
0.46 


0 
.960 
24.38 


E 
.220 
.310 
5.59 
787 


e 
.100 
BASIC 
2.54 
BASIC 
eA 
.300 
BASIC 
7.62 
BASIC 
An 
.150 
BASIC 
3.81 
BASIC 


L 
.125 
.200 
.18 
5.08 


N 
18 
0 
.015 
.070 
0.38 
1.78 


SI 
.005 
-- 
0.13 
-- 
PACKAGE NU~BER: 
22266 
REV., 
A 
a 
I 
(1 
105" 
JEDEC 
NUUBER: 
NONE 


Package Number 312-1 - SS-Pin Piastic Quad 


Bl ;-1r- 
r/~IN " 
-I r-A1 
61 


10 
_m, 


......- 
Ie 


I 
= -,- 
I 
) 
I 


.., - -+- 
- --+-- 
Dl 
Pl~/ 
(so.) 
I 


B 
"8 
1 
J 


1 


26 
r---S --l 
-,- 
I 


27 
[\PIN 


'.1 


~~~~ 


I 


135 


INCHES 
IvlILLluETERS . 
INCHES 
UlLLIt.AETERS 
~ 


NOTES, 


0" 
",. 
NAX. 
UIN. 
•.•...,. ~ 
D'M 
t.lIN . 
MAX. 
MIN. 
MAX. 
-- 


A 
.167 
.177 
4.24 
4.50 
1. 
DIMENSIONING 
AND 
TOLERANCINC 


Al 
. 100 
.110 
2.54 
2.79 
PER 
ANSI 
Y14.5M-1982 
. 


B 
.016 
.020 
0.41 
0.51 
2 . 
DIMENSION 
0 I 
DOES 
NOT 


81 
026 
032 
0.66 
081 
INCLUDE 
~OLD 
PROTRUSION. 


C 
.020 
.025 
0.51 
0.64 
ALLOWABLE 
MOLD 
PROTRUSION 


0 
.985 
.995 
25.02 
25.27 
IS 
.254mm/ 
.010 
INCH . 


01 
.950 
.958 
24.13 
24.33 
2 
3. 
CO"iTROLUNG 
DI~ENSION: 
INCH 


e 
.050 
BASIC 
1.27 
BASIC 


N 
68 
68 


S 
.616 
.628 
15.70 
15.95 


PACKAGE NUUBER: 
ZZ312 
1 
REV.: 
8 


JEDEC 
NU~8ER: 
NONE 


DUR!!-m· 
Burr-Brown Ie Data Book-Mixed 
Signal Products IEilS 


INCHES 


••.•x. 


.079 


.002 
.065 
.073 


.009 
.015 
.004 
.010 
.390 
.413 
.291 
.32.3 


.196 
.220 


.0256 
BASIC 


.022 
.037 


.049 
REF 
28 
O' 
8" 


0.05 
1.65 
1.85 
0.22 
0.38 
009 
0.25 
9.90 
10.50 
7.40 
8.20 


~.OO 
5.60 
2 
0.65 
BASIC 


0.55 
0.95 
4 
1.25 
REF 


28 


O' 


1. 
DIMENSIONING 
AND 
TOLERANCING 
PER 
ANSI 
Yl 4.5- 
1 982 


2. 
0 
AND 
E 1 
DIMENSIONS 
DO 


NOT 
INCLUDE 
MOLD 
FLASH 
OR 


PROTRUSIONS. 
BUT 
00 
INCLUDE 
MOLD 
MISMATCH 
AND 
ARE 


MEASURED 
AT 
DATUM 
PLANE EtB 


MOLD 
PARTING 
LINE. 
MOLD 
FLASH 
OR 
PROTRUSION 


SHALL 
NOT 
EXCEED 
.008 
INCH 
PER 
SIDE 


3. 
DIMENSION 
b 
DOES 
NOT 
INCLUDE 
DAMBAR 
PROTRUSION/INTRUSION. 
ALLOWABLE 
DAMBAR 
PROTRUSION 


SHALL 
BE 
.005 
INCH 
TOTAL 
IN 
EXCESS 
OF 
b 
DIMENSION 
AT 
MAXIMUt.A 
t.AATERIAl 
CONDITION 


1 


Bill 


MILLIMETERS 
INCHES 
MILLIMETERS 
NOTES' 


D'" 
l,lIN. 
00" 
OM><. 


A 
.650 
.656 
16.51 
16.66 
1. 
LEADS 
IN 
TRUE 
POSlTION 
WITHIN 


~TO ~'EAWN~5pI1Nt 
@ 


MMC 
B 
.650 
.6 
'6. , , 
6 


C 
180 
4.57 
2. 
PIN 
NUMBERS 
SHOWN 
FOR 
D 
.014 
.022 
0.36 
0.56 
REFERENCE 
ONLY. 
NUMBERS 
MAY 


E 
.600 
.620 
1524 
15.75 
'OT 
BE 
MARKED 
ON 
PACKAGE. 


F 
4 
.032 
0.61 
0.81 


G 
.0 0 
AI 
1.27 
BASIC 


K 
.020 
0.51 -- 
M 
.685 
.695 
17.40 
17.65 
N 
.68 
.695 
1 
4 


p 
'00 
.1 fa 
.:?!>-t 
.:?79 


i;iajr Burr-Brown Ie Data Book-Mixed 
Signal Products 


DAM8AR 
INTRUSION 
SHAll 
NOT 
REDUCE 
DIMENSION 
b 
BY 
MORE 


THAN 
.003 
INCH 
AT 
LEAST 
MATERIAL 
CONDITiON. 


4. 
DIMENSION 
L 
TO 
BE 
DETERt.AINED 
AT 
SEATING 
PLANE-DATUM 
C. 


5. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
POSITIONS. 


G. A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATEO 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA 


7. 
SECTION 
A-A 
DIMENSIONS 
APPLY 
TO 
THE 
FLAT 
SECTION 
OF 
THE 
LEAD 
BETWEEN 
.004 
AND 
.010 
INCH 
FROM 
THE 
LEAD 
TIP. 


PACKAGE 
NUMBER: 
ZZ324 
REV.: 
C 


JEDEC 
NUMBER: 
t.AO-1 so 


t:f;j11- 


~ 


0, 
~ 


DETAIL 
"A" 


1 


'~LO.D.D.ruuJ~ 
CL~( 
('IL) 
.- 


SEE 
~~A~ 
b~~ 
A' 


INCHES 
I.lllUMETERS 
N 
INCHES 
t.4llLIMETERS 


Y 


NOTES: 


0'" 
"'N 
lAAX 
MIN. 
MAX. 
~ 0'" 
LlIN . 
lAAX. 
I.lIN. 
MAX. 
-- 


A 
-- 
.079 
-- 
2.00 


Al 
.00 
0.05 


A2 
.065 
.073 
1.65 
1.85 


b 
.009 
.015 
0.22 
0.38 
C 
.004 
.010 
0.09 
0.25 


0 
.272 
.295 
6.90 
7.50 


.791 
.3'3 
7.40 
".'0 
El 
.196 
.220 
5.00 
5.60 
. .0256 
BASIC 
0.65 
BASIC 


L 
.018 
.037 
0.45 0.95 


L1 
.047 
.055 
1.20 
1.40 


N 
20 
20 
a 
a 
s- 
a 
s- 
PACKAGE 
NUMBER: 
ZZ334 
1 
REV.: 
A 


JEOEC 
NUMBER: 
NONE 


Packaga 
Number 
338 
.. 24-L •• d 
9S0P, 
.208 Wid. 


Ifiiiiir;;i 


~ 
{2 
NX 


R R' 


GAUGE 
1r-A 
0( 
PLANE 
~I 


SEATING 


L'S+ 


PLANE 
@IQ 
~WITH 
LEAO 
- 
L 
fiNISH 


-- 
(1 
E 
.~ 
~ 


DETAIL 
"A' 


c 


k,oo,,,,,,.®,® 


~f~~(b)l- 


INOEX/~ 
'8 8 8 8 ~ 1~2 
SECTION 
A-A 
AREA 


0~~ 
-U 


SEATI"4G 
RB:oI 
(lL) 
j_PEOJJJWoOAd t 
A2 
A 
PLANE 


~ 
JLb 
L; 
+ 


I=!,;::J 


SEE'~~ 


F$I.006@lcIA©IB®1 


INCHES 
I.4ILU~ETERS 
, 
INCHES 
t.4IWJ.l[TERS 
S 
NOTES: 
0'" 
"'IN. 
MAX. 
"N. 
MAX. I DO" 
I.lIN. 
! -- 
DAM BAR 
INTRUSION 
SHALL 
NOT 
MAX, 
"". 


I.lAX. 
,. 
DIMENSIONING 
AND 
TOLERANCING 
REDUCE 
DIMENSION 
b 
BY 
MORE 


A 
.079 
2.00 
PER .ANSI Y14.5M-1982. 
THAN 
,003 
INCH 
(O.07mm) 
AT 


Al 
.002 
- 
0.05 
2. 
o 
AND 
E 1 
OIMENSlONS 
00 
lEAST 
MATERIAL 
CONDITION. 


Al 
.065 
.073 
1.65 
1.85 
NOT 
INCLUDE 
MOlD 
FLASH 
OR 
4. 
DIMENSION 
L 
TO 
BE 
DETERMINED 
b 
.009 
015 
0.22 
0.38 
3.7 
PROTRUSIONS, 
BUT 
DO 
INCLUDE 
AT 
SEATING 
PLANE-DATUM 
"C:' 


C 
.004 
.010 
0.09 
0.25 
7 
MOLD 
MISMATCH 
AND 
ARE 
5. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 


0 
.311 
.335 
7.90 
8.50 
2 
MEASUREQ 
AT 
DATUM 
PLANE EtGI 
POSITIONS. 
MOLD 
PARTING 
UNE. 


E 
.291 
.323 
7.40 
8.20 
MOLD 
FlASH 
OR 
PROTRUSION 
6. 
A VISUAL 
INDEX 
FEATURE 
UUST 


E1 
.197 
.220 
5.00 
5.60 
2 
SHALL 
NOT 
EXCEED 
.008 
INCH 
BE 
LOCATED 
WlTHIN 
THE 


(O.20mm) 
PER 
SIDE. 
CROSSHATCHED 
AREA. 
. .0256 
BASIC 
0.65 
BASIC 


4 
3. 
DIMEt\SIQN 
b 
DOES 
NOT 
INCLUDE 
7. 
SECTION 
A-A 
DIMENSIONS 
APPLY 


L 
.022 
.037 
0.55 
0.95 
DAMBAR 
PROTRUSION/INTRUSION. 
TO THE 
FLAT 
SECTION 
OF 
THE 
lEAD 
L1 
.049 
REF 
1.25 
REF 
ALLOWABLE 
DAMBAR 
PROlRUSION 
BETWEEN 
004 
AND 
.010 
INCH 


N 
2. 
2. 
5 
SHALL 
BE 
.005 
INCH 
(0.13mm) 
FROM 
THE 
LEAD 
TIP. 
e< 
a 
s- 
a 
s- 
TOTAL 
IN 
EXCESS 
OF 
b 
DIMENSION 
PACKAGE 
NUMBER: 
ZZ338 
REV.: 
A 


Rl 
.004 
-- 
0.09 
- 
AT 
MA<lMUU 
UATERIAL 
CONDITION. 
JEOEC 
NUMBER, 
1.10 150-AG 


Burr-Browll IeData Book-Mixed 
SigTUlIProducts r=-m- 


A 


28 
A1 
15 
E3~: 
1 
14 


A 
..j 


28 
15 
E3: 
1 
14 


oCJ] 


1 
14 


-----~ 
~ODDDDDDDDDDD~i 
: I,A 
_Ie.. 
B- 
_ 
AlA N 


2 


#~ 
J 


BURR-BROWN_ 
IEilEilI 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


INCHES 
MilLIMETERS 


DIM 
MIN 
MAX 
MIN 
I 
MAX 


A 
- 
1.441 
- 
136.60 


A, 
1.402 TYPICAL 
35.6 TYPICAL 


B 
- 
.236 
I 
14.6 


B, 
.528 TYPICAL 
13.4 TYPICAL 


C 
- 
.224 
- 
I 
5.70 


D 
.016 
.017 
0.42 
I 
0.44 


F 
.047 BASIC 
1.20 TYPICAL 
G 
.090 
.110 
2.29 
I 
2.79 
J 
.008 
.015 
0.20 
I 
0.38 


K 
.100 
- 
2.54 
- 
l 
.600 BASIC 
15.24 BASIC 
a 
O· 
15· 
0" 
15· 


N 
.020 I 
- 
0.51 I - 


INCHES 
MilLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
1.417 
1.449 
36.00 
36.80 


B 
.516 
.539 
13.10 
13.70 


C 
.224 
5.70 


D 
.015 
.023 
0.38 
0.58 


G 
.100 TYPICAL 
2.54 TYPICAL 
J 
.008 
.014 
0.15 
0.35 


K 
.098 
- 
2.50 
- 


l 
.600 TYPICAL 
15.24 TYPICAL 


N 
.020 
- 
0.50 
- 
Q 
- 
.224 
5.70 
a 
O· 
15· 
O· 
15· 


INCHES 
MilLIMETERS 


DIM 
MIN 
I 
MAX 
MIN 
MAX 


A 
.093 
I 
.104 
2.31 
2.39 
A, 
.050 BASIC 
1.045 BASIC 


A2 
.050 BASIC 
1.045 BASIC 


B 
.0095 I 
.012 
0.35 
I 0.48 


D 
.697 
.712 
17.81 
I 18.06 


E 
.292 
I 
.299 
7.42 
I 
7.62 


e 
.050 BASIC 
1.27 BASIC 


N 
.016 
.050 
0.23 
0.32 


l 
.398 I 
.414 
10.11 
10.51 


IOODDDDDDDDDOOU 
:JA, :A 
-e- 
B~i- 
N 


INCHES 
MilLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
- 
.118 
- 
3.00 


AI 
.096 
.108 
2.45 
2.75 


B 
.012 
.020 
0.30 
O.SO 


D 
.709 
.732 
18.00 
18.60 


E 
.323 
.339 
8.20 
8.60 


e 
.OSOTYPICAL 
1.27 TYPICAL 


K 
.039 BASIC 
1.00 BASIC 


l 
.449 
.480 
11.40 
12.20 


N 
.000 
.008 
0.00 
0.20 
a 
0° 
100 
00 
10° 


NOTE: 
Leads in true 


position within 0.01" 
(0.25mm) 
R at MMC 
at seating plane. Pin 
numbers 
are shown 


for reference 
only. 
Numbers may not be 
marked 
on package. 


NOTE: 
Leads in true 
position within 0.01" 
(0.25mm) 
R at MMC 
at seating plane. 
Pin 
numbers 
are shown 
for reference 
only. 


Numbers 
may not be 


marked 
on package. 


BURR - BROWN8 


Burr-Brown Ie Data Book-Mixed 
Signal Products 
113131 


INCHES 
MilLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
1.360 
1.470 
34.54 
37.34 


B 
.500 
.590 
12.70 
14.99 


C 
.169 
.200 
4.29 
5.08 


D 
.015 
.021 
0.38 
0.53 


F 
.030 
.070 
0.76 
1.78 


G 
.100 BASIC 
2.54 BASIC 


H 
.030 
.095 
0.76 
12.41 
J 
.007 
.015 
0.18 
10.38 


K 
.100 
.ISO 
2.54 
13.81 


l 
.600 BASIC 
15.24 BASIC 


M 
0° 
115" 
0° 
1 15° 


N 
.020 
1.090 
0.51 
12.29 


INCHES 
MilLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
1.3SO 
1.470 
34.29 
37.34 


B 
.520 
.575 
13.21 
14.61 


C 
.169 
.224 
4.29 
5.69 


D 
.015 
.023 
0.38 
0.58 


F 
.043 
.065 
1.09 
1.65 


G 
.100 BASIC 
2.54 BASIC 


H 
.030 
.090 
0.76 
2.29 
J 
.008 
.015 
0.20 
0.38 


K 
.100 
.150 
2.54 
3.81 


l 
.600 BASIC 
15.24 BASIC 


M 
0° 
15" 
0° 
15" 


N 
.015 
.040 
0.38 
1.02 


----A---- 
---0--- 
---F--- 


67 


66 •• 


Pin1/ 
Identifier 


G EB 
J H 


~ j 
J 
__ 
K 


C 
t 


@@@@@@@@@ 


C0~@@@@@@@~@ 
00 
@@ 
00 
@@ 
00 
@@ 
00 
@@ 
@@ 
@@ 
@@ 
@@ 
@@ 
@@ 
j 


@(@@@~@@@~~@-J 


@@@@@@@€@ 
I 


-H 
- 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
.945 
.965 
24.003 
24.511 


B 
.945 
.965 
24.003 
24.511 


C 
.076 
.094 
1.934 
2.388 


D 
.841 
.859 
21.361 
21.819 


E 
.841 
.859 
21.361 
21.819 


F 
.755 
.785 
19.177 
19.939 


G 
.755 
.7B5 
19.177 
19.939 


H 
.BOO BASIC 
20.320 BASIC 
J 
.027 
I .033 
.686 
.838 


K 
.0458ASIC 
1.143 BASIC 
L 
.050 BASIC 
1.270 BASIC 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
1.087 
1.109 
27.610 
28.169 


B 
1.087 
1.109 
27.610 
28.169 
C 
.095 
.120 
2.413 
3.048 
D 
.162 
.198 
4.115 
5.029 


E 
.045 
.055 
1.143 
1.397 
F 
.045 
.055 
1.143 
1.397 


G 
.016 
.020 
.406 
.508 
H 
.100 BASIC 
2.540 BASIC 
J 
.100 BASIC 
2.540 BASIC 


BURR 
- BROWNe 


IEII:~I 
Burr-Brown Ie Data Book-Mixed 
Signal Products 


NOTE: 
Leads 
in true 
position within 0.01" 


(D.25mm) 
R at MMC 
at seating 
plane. 
Pin 
numbers 
shown for 


reference 
only. 


TERMINATION: 
Gold 
plaled 
nickel 
on 


refractory 
metalliza· 
tion . 
CASE: 
Ceramic 
with 


gold 
plated 
nickel 
lid. 


HERMETICITY: 
Gross 
leak test. 


WEIGHT: 
4.37 
grms 


(0.1240z) 


NOTE: 
Leads 
in true 
position within 0.01" 


(0.25mm) 
R at MMC 
at seating 
plane. 
Pin 


numbers 
shown for 
reference 
only. 


Numbers 
may not be 
marked 
on package. 


TERMINATION: 
Gold 
plated 
KOVAR. 


CASE: 
Ceramic 
with 
gold 
plated 
nickel 
lid. 


HERMETICITY: 
Gross 
leak test. 


WEIGHT: 
9 grms 


(0.320z) 


• 


